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Figure 1: Cross-scale primitive structures and applications of KiriInflate. (a) Comparison of cross-scale primitive KiriInflate; (b) 
Stretched state of a small-scale inflatable; (c) Eyelid lift assistive device for rehabilitation of ptosis; (d) Multi-mode Interactive 
game handle; (e) Breathable lamp. (Scale bar: 100 mm.) 

Abstract 
We present KiriInflate, a rapid, precise, and accessible fabrication 
method for creating stretchable inflatables with Kirigami structures. 
These inflatables, fabricated at multiple scales (from fingernail-
sized to body-sized), exhibit rapid, large contraction upon inflation 
up to 83.5% and provide tunable stretchability. Our fabrication 
process leverages the electrostatic adhesion of plastic films and 
an off-the-shelf laser cutter to simultaneously cut and fuse the 
edges of inflatables, achieving ultra-narrow seals (< 0.125 mm). Our 
structural design enables versatile 3D morphing upon inflation and 
tunable stretch behavior, with experimental studies offering design 
guidelines for key geometric parameters. A series of applications, 
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including an eyelid assistive device, a multi-mode game handle, a 
dynamic elbow brace, and breathable lamps, highlight its potential 
for diverse interaction in HCI. 

CCS Concepts 
• Human-centered computing → Interactive systems and 
tools. 
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1 Introduction 
Film-based inflatables have become a popular choice in soft robot-
ics, wearable devices [8], and tangible interaction due to their de-
formability, accessibility, safety, and tunable force feedback [27, 43]. 
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These structures are typically fabricated by thermally bonding 
non-stretchable polymer films to form sealed air chambers, with 
their deformation and mechanical behavior heavily dependent on 
geometric design. Beyond conventional heat-sealing patterns, in-
tegrating slits and kirigami-inspired cuts can significantly alter 
their inflated morphology and performance. For instance, kirigami 
actuators—composed of interconnected slits and channels—have 
gained attention in robotics for their enhanced contraction ratios 
and elastic stretchability [7]. Such structures hold promising yet 
underexplored potential for human-computer interaction (HCI), 
where dynamic shape-changing interfaces could enable novel tac-
tile feedback, adaptive wearables, or deformable input devices. 

However, fabricating inflatables with complex internal slits and 
fine channels remains challenging. Each slit edge requires precise 
thermal sealing, demanding high fabrication resolution in both cut-
ting and heat welding. Existing approaches, such as AeroMorph 
[27] (custom CNC-based heat sealing), Millimorph [17] (hot-air 
sealing of pre-cut films), and Therms-up [6] (heat pressing through 
3D printer), struggle with intricate internal slit patterns. Alternative 
methods, such as heating welding and cutting inflatables through 
laser cutter, produce wide welding seams (>0.5 mm) caused by defo-
cused state of laser cutter, limiting their suitability for micro-scale 
slits and delicate channels [26]. Additionally, another technique 
that heat-presses film layers requires masking layers (e.g., release 
paper) that constrain material deformation. It is labor-intensive and 
prone to errors in alignment. These fabrication barriers hinder the 
exploration of inflatables with sophisticated internal slit structures, 
restricting their potential in HCI applications. 

We introduce KiriInflate, a rapid, precise, and accessible method 
for creating inflatables with complex internal slits. (1) From the 
fabrication technique perspective, our approach leverages static 
cling adhesion between thin PE films and a standard laser cutter to 
simultaneously cut and heat weld complex edges of inflatables in 
a single step, achieving ultra-narrow and high-alignment of heat 
welding and cutting edges. We experiment with the parameter 
settings of the laser cutter for this new method to achieve both 
heat-welding only and heat-welding with cutting, accommodating 
to the varied material thickness for cross-scale fabrication. (2) From 
a structural design perspective, we expand the design space of inflat-
able actuators by introducing complex internal Kirigami-inspired 
slit geometries, made possible by our fabrication techniques. These 
designs enable versatile actuation behaviors with tunable stretcha-
bility. We systematically investigate the deformation characteristics 
of representative inflatable Kirigami structures, analyzing their ac-
tive contraction ratios, passive stretch ranges, and output forces in 
relation to scale, geometric parameters, and material thickness. The 
application examples include an eyelid-lifting assistive wearable 
that conforms to natural blinking motions, a game controller inte-
grating both inflation-driven haptic feedback and passive stretch 
interactions, and a shape-reconfigurable lamp. These examples 
showcase the potential of KiriInflate in dynamic conformability, 
shape reconfiguration, and haptic feedback for tangible interaction. 

Compared to other inflatable fabrication techniques, our method 
has the following advantages: 

High precision and resolution integrated cutting and weld-
ing. Cutting and sealing are performed simultaneously in a single 

laser pass, eliminating misalignment. This enables ultra-fine heat-
welding edges (0.125 mm) and slit spacing down to 0.25 mm — 
significantly finer than typical methods [7, 26]. 

Cross-scale adaptability. Our method supports slit-based air 
channels from sub-millimeter to sub-meter widths. At small scales, 
it enables high inflation ratios using ultra-thin (thickness = 0.03 mm) 
materials and fine welding without release layers. At large scales, it 
accommodates thick multilayer films and reinforced welding edges, 
leveraging the large working area of laser cutters. 

High efficiency and automation. The fabrication process is 
streamlined into a single laser pass without manual alignment of 
multiple layers, reducing labor and improving repeatability. Com-
plex multilayer geometries are easily produced. 

Low equipment barrier. The process works directly with stan-
dard laser cutters, requiring no hardware modifications. It relies on 
the natural electrostatic adhesion of thin PE films, avoiding external 
pressing attachment or vacuum devices. 

Expanded design space for structural functionality. (a) Em-
bedded kirigami architectures: Complex internal slit patterns (e.g., 
fractal cuts, gradient perforations) can be directly fabricated within 
sealed air chambers. (b) Multilayer pneumatic programmability: 
Single-step fabrication of stacked air chambers with multiple layers 
allows dynamic reconfiguration of deformation behavior through 
inflation in different layers. 

Compared to existing works on inflatable shape-changing inter-
face, the structure of KiriInflate has the following advantages: 

Significant Active Contraction. Achieves significantly greater 
contraction than other pneumatic actuators (e.g., film inflatables 
without inner slits or McKibben fiber actuators [15]), with contrac-
tion reaching 83% of its original length after inflation and up to 97% 
compared to its pre-stretched state. 

Enhanced Passive Stretchability with Tunable Compliance. 
When subjected to external forces, the inflated structure exhibits 
increased passive deformability. Its stretchable range can be cus-
tomized through geometry parameters, and elastic response can be 
tuned by adjusting the internal air pressure. 

High Programmability of Geometric and Mechanical Prop-
erties. Supports diverse deformation through the customization 
of slit patterns on 2D surfaces, enabling the rapid formation of 
stretchable 3D geometries with tailored mechanical properties. 

In summary, the key contributions of this paper are as follows: 

• A rapid, low-cost and highly accessible fabrication technique 
using a commodity laser cutter and the electrostatic adhesion 
of PE films to enable cutting and welding films in a single 
pass with ultra-narrow seams, thus fabricating cross-scale 
film inflatables (from finger-size to body size) with complex 
slit patterns. 

• Versatile types of Kirigami inflatable structures with large 
contraction, different actuation behavior, and tunable stretch-
ability based on the design of slits pattern, along with an 
online user document and assistive parametric geometry 
generators. 

• A series of experimental analyses of tunable active contrac-
tion range, passive stretch range, and force behavior, which 
are related to the scale, geometry parameters, and material 
thicknesses. 
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• Four application examples showcase the potential of KiriIn-
flate in dynamic conformability, shape reconfiguration, and 
haptic feedback for tangible interaction, including an eyelid-
lifting assistive wearable that conforms to natural blinking 
motions, a dynamic elbow brace, a game controller integrat-
ing both inflation-driven haptic feedback and passive stretch 
interactions, and a series of shape-reconfigurable lamps. 

2 Related Work 

2.1 Inflatable Shape-changing Interfaces 
Inflatable shape-changing interfaces driven by fluid pressure have 
been applied in fields such as soft robotics, furniture design [31, 38], 
architecture, wearables [18, 33, 45], transportation [25], and virtual 
reality [13, 37]. These systems are lightweight, low-cost, scalable, 
and easy to store, making them ideal for flexible, reconfigurable 
applications [20, 22]. Among inflatable structures, film-based inflat-
able structures leverage unreinforced thin films to make inflatables 
that deform through air pressure. Researchers in the fields of HCI, 
computer graphics and robotics have explored film-based inflatable 
structures to achieve bending and folding [27], bistable switching 
[43], and forming shape such as curved lines [34], curved surfaces 
[28, 30], and truss structure [29]. 

Kirigami-inspired inflatable structures, featuring sliced films, of-
fer advantages such as high contraction ratios, tunable elasticity 
of stretch, and customizability via programmable cuts [7, 11, 32]. 
Chung et al. [7] introduced the concept of Inflatable Kirigami Ac-
tuators, fabricating these structures with a high contraction ratio 
using heat pressing and a masking layer. Building on their founda-
tional designs, our work (1) expands range of scale (especially small 
scale, like fingernail-size) through our novel fabrication process, (2) 
achieves a higher contraction ratio through design optimizations 
like rounded slit ends, and (3) explores diverse and complex struc-
tures (e.g., multi-column array, multi-layer, curved patterns and 
3D forms). These advances provide more versatile shape-changing 
effects and interactive feedback, enhancing the potential for HCI 
applications. 

2.2 Kirigami Structure 
Kirigami metamaterials, formed by embedding periodic cut patterns 
into thin sheets, are widely used for their superior stretchability 
and flexibility [35]. In robotics [14], Kirigami structures are pri-
marily utilized as outer constraint layers for elastomers, modulat-
ing their deformation behaviors. In Human-Computer Interaction 
(HCI), kirigami structures have been applied in haptic feedback 
systems [4], stretchable 3D circuits [12, 42], and wearable devices 
that conform to body shapes and movements [3, 40]. 

Previous studies have investigated kirigami structures fabricated 
from various homogeneous materials, such as paper, wood, PE films, 
and metals - most of which are inherently rigid or non-elastic sub-
strates. Researchers have systematically examined the passive defor-
mation characteristics and elastic properties of these structures in 
relation to their geometric parameters [23]. Compared to Kirigami 
structures made from other materials, our work, KiriInflate, (1) in-
troduces a pneumatically driven Kirigami actuation approach that 
enables rapid active contraction and dynamic morphological trans-
formations. (2) Besides, unlike conventional materials, the stiffness, 

elasticity, and stretchability of inflatable kirigami structures can 
be dynamically tuned via internal air pressure. (3) In addition, the 
spatial distribution of air channels creates non-uniform mechani-
cal properties, necessitating further exploration of shape-change 
dynamics and force response. 

2.3 Fabrication of Film-based Inflatables 
The fabrication of inflatable structures requires precise bonding 
of thermoplastic film layers, especially along complex cuts and 
edges that form air channels. Researchers have explored versatile, 
accessible fabrication methods for this purpose (Table 1). Specif-
ically, heat-pressing film layers with internal masking layers is 
an accessible approach, but it struggles with alignment, which is 
labor-intensive, error-prone, and limited in resolution. The inner 
masking layer and wide edges also restrict the shape-changing 
capabilities of small-scale inflatables. Researchers have explored 
versatile automatic digital fabrication methods, such as using ul-
trasonic welding [11], customizing heat-sealing CNC systems [27], 
leveraging the heat nozzle of 3D printers [6], and heat welding 
using the defocused state of laser cutters [24, 26, 41]. However, 
the achievable sealing width remains relatively large (typically 
>400 µm). Furthermore, unlike thick, rigid materials that are easily 
stacked and welded by laser[21, 39], thin films require external 
pressure to ensure the intimate contact needed for creating narrow 
welds. More specialized laser welding techniques exist. For instance, 
the Ball Contour Process [1] employs a freely rotating glass ball 
for localized clamping, laser focusing, and height compensation. 
However, this process relies on sophisticated, custom-fabricated 
devices. Similarly, Millimorph [17] fabricates inflatables with micro 
channels using a customized CNC equipped with a needle that 
emits hot air to seal pre-cut layers. Nevertheless, this approach still 
requires manual trimming of external contours, as drag knife tools 
risk scratching the chuck. Consequently, most existing fabrication 
methods rely on complex, specialized equipment to ensure proper 
film alignment and layer contact during the bonding process, which 
present additional challenges for their widespread adoption and 
scalability. 

We propose a highly accessible method that synchronizes the 
cutting and heat sealing of electrostatically bonded film layers 
with high resolution. Our approach leverages standard laser cutters 
without hardware modification, eliminating the need for tedious 
manual alignment or sophisticated custom devices. This stream-
lined process simplifies operation and enables the high-precision 
fabrication of complex internal structures with ultra-narrow seals 
(min. 0.04 mm). It allows rapid prototyping with varied film layers 
and thicknesses, expanding the design space for soft and responsive 
inflatables. 

3 Overview of KiriInflate 

3.1 Fabrication Technique of KiriInflate 
KiriInflate introduces a rapid, precise, and accessible method for 
creating inflatables with complex internal slits Below we introduce 
the novel pipeline and fabrictaion setting supporting cross-scale 
fabrication. 
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Table 1: Comparison of Representative Methods for Inflatable Fabrication. 

Project Method Machine Efficiency Inner Cuts Seal Width 

Therms-up [6] Heat press sealing 3D printer High ✗ 0.4 mm 
AeroMorph [27] Heat drawing Customized CNC High ✗ ≈6.35 mm 
AccordionFab [41] Heat welding and cutting Laser cutter with 

attachment 
High N/A N/A 

Inflatable Kirigami [7] Heat pressing with masking 
layer 

Laser cutter + heat press Low (manual) ✓ 1 mm 

Pneumatic Origami [26] Laser welding Laser cutter + vent High N/A ≈0.92 mm 
Millimorph [17] Hot air sealing Customized CNC High ✗ 0.25 mm 
Weld n’ cut [11] Ultra-sonic welding Customized CNC High ✓ 4 mm 
Our Work★ Heat welding and cutting Laser cutter Ultra high ✓ 0.125 mm 

3.1.1 Pipeline. A plastic film material, PE, that can automatically 
adhere to itself due to electrostatic attraction is selected. By utilizing 
the electrostatic attraction between two layers of film, the laser 
cutting machine can simultaneously cut and heat-seal the edges of 
the inflatable during a single pass. 

• Step 1 (Figure 2a): Prepare a double-layer plastic film that 
automatically adheres to itself due to electrostatic attrac-
tion (for example, use two or more layers of PE film with 
electrostatic adhesive). 

• Step 2 (Figure 2b): The laser cutting machine runs along the 
path, simultaneously cutting and heat-sealing the edges of 
the inflatable. Alternatively, a lower power setting can be 
used to only heat-seal along the path without cutting. Due 
to the electrostatic attraction between the two layers of film, 
they adhere firmly, enabling high-quality heat sealing after 
the laser passes. 

• Step 3 (Figure 2c): The inflatable quickly shrinks and deforms 
upon inflation. Because there are some cut seams, the inflated 
structure exhibits greater tensile elasticity. 

Figure 2: The fabrication pipeline of KiriInflate. 

3.1.2 Cross-Scale Fabrication Parameter. In the fabrication of in-
flatables, laser cutting technology provides two alternative meth-
ods: (1) simultaneous heat welding and cutting; (2) heat welding 
without cutting. The fabrication parameters vary depending on 
the thickness and scale of the inflatables. This section outlines the 
parameters for both methods and provides experimental data for 
reference. The laser cutter we used in the demonstration is Laserbox 
2.0 (MLP-K503-40W). 

For the simultaneous heat welding and cutting method, the rele-
vant parameters are shown in Table 2. Cylindrical inflatables with 
dimensions of 15 mm × 60 mm and single-layer material thicknesses 

of 0.03 mm, 0.05 mm, 0.07 mm, 0.1 mm (two-layer 5 mm), 0.14 mm 
(two-layer 7 mm), and 0.2 mm (four-layer 5 mm) were tested. Laser 
power and speed combinations were optimized through experi-
ments, and the sealed inflatables were inflated in water to check 
for leaks. 

For thinner materials, high power can achieve both heat welding 
and cutting simultaneously. However, due to the thermal shrinkage 
of the PE film, excessive power can cause the cut seams to widen, 
which may impact the width of the airway. While this difference is 
not significant in some cases, it becomes particularly important for 
small-scale inflatables. Additionally, we found that for materials 
thicker than 0.1 mm, even when using higher power, achieving 
perfect cutting is difficult. The cut material may exhibit filament-
like adhesions, likely due to the thickness of the material, which 
may adhere during the cooling process after cutting. However, this 
does not affect the air tightness of inflatables. 

Table 2: Parameters for Heat Welding and Cutting. 

Thickness (mm) 0.03 0.05 0.07 0.1 0.14 0.2 
Power (%) 27 29 33 50 80 80 
Focal Length (mm) 0.1 0.1 0.1 0.2 0.3 0.4 
Speed (m/s) 50 50 50 50 42 35 

For the heat welding-only method, the test samples and pro-
cedures are the same as described above. The parameters for si-
multaneous heat welding and cutting are shown in Table 3. This 
method ensures that all layers of material are effectively heat-sealed 
without cutting through. 

Table 3: Recommended Parameters for Heat Welding-Only. 

Thickness (mm) 0.03 0.05 0.07 0.1 0.14 0.2 
Power (%) 21 22 23 22 24 30 
Focal Length (mm) 0.1 0.1 0.1 0.2 0.3 0.4 
Speed (m/s) 50 50 50 50 50 50 

In addition to the two methods described above, the width of 
the heat-sealed edge is a critical design parameter that directly 
influences the sealability of the inflatables, mechanical strength, 
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and durability. For inflatables made from thicker materials, a wider 
heat-sealed edge is typically required to ensure adequate fusion 
depth, withstand hoop stress during inflation, and prevent cracking 
at the seal. In our experiments, we tested the same inflatable samples 
with different seam widths: 0.5 mm, 1.0 mm, and 1.5 mm. Using an 
orthogonal combination experiment, each group was inflated and 
pressurized, and the maximum pressure capacity was recorded. The 
reference heat-sealed edge widths are summarized in Table 4. We 
found the use of 0.2 mm materials resulted in unstable performance, 
such as difficulty in cutting through the material in a single pass, 
leading to inconsistent pressure resistance. 

Table 4: Pressure Resistance (PSI) vs. Material Thickness and 
Edge Sealing Width. 

Edge Width 
(mm) 

Material Thickness (mm) 

0.03 0.05 0.07 0.10 0.14 0.20 

0.5 3 4.5 10 14 24 24.5 
1.0 4 5.5 14 17 25 22 
1.5 6 7.5 16 19 26 30 

3.2 Basic Mechanism and Structure of 
KiriInflate 

The shape and mechanical behavior of KiriInflate are primarily 
determined by the heat-sealing traces and slits [28]. 

Heat Sealing Traces: Initially, when air is pumped into the 
channels, their expansion is constrained by the surrounding sealed 
regions. This confinement forces the material between the channels 
to contract sideways, which causes the cross-sectional shape of 
each channel to transform from flat to cylindrical [10]. As a result, 
the surface curvature of the structure changes, manifesting as dome-
like, arched, or wavy forms. This process reconfigures the entire 
sheet from a flat 2D surface into a more compact 3D structure. 

Slits: In addition to the heat-sealing pattern, the kirigami-style 
slits play a crucial role in shaping the structural behavior. While 
the slits do not alter the internal pressure distribution of individ-
ual air channels, they effectively segment the continuous film into 
truss-like units. This segmentation removes movement restrictions 
between adjacent channels, allowing them to slide, rotate, or even 
overlap during inflation. Consequently, the overall contraction of 
the structure is significantly enhanced. Figure 3 demonstrates the 
comparison of inflatables with and without slits. Moreover, when 
the slits are arranged in parallel, they function as hinges, enabling 
the air-filled columns to rotate around their endpoints, which fur-
ther increases the structure’s stretchability. 

Together, the combination of heat sealing and slits gives the 
structure tunable mechanical behavior: 

• Active contraction (inflation-driven): Air pressure gen-
erates strong driving forces for contraction. The degree of 
shrinkage is governed by both the internal pressure and the 
geometry of the kirigami cuts. 

• Passive stretching (externally applied force): After in-
flation, the structure resists deformation and behaves like a 

soft spring. This elastic resistance can be tuned by adjusting 
the air pressure. 

Furthermore, the structure exhibits three distinct states based 
on the inflation process: 

• Uninflated: In this state, the kirigami cuts allow for large, 
easy stretching, with the structure remaining soft and highly 
flexible. 

• Inflating: During this phase, air pressure drives the struc-
ture to contract. The deformation pattern is shaped by both 
the heat-seal layout and the kirigami cut design. 

• Inflated: Once fully inflated, the structure maintains a com-
pact, contracted form. While it becomes stiffer, it remains 
stretchable, and its resistance to stretching increases with 
air pressure. 

Figure 3: Comparison of inflatables without and with 
Kirigami slits. The inflatable with Kirigami slits exhibits 
large contraction after inflation. It also offers a greater 
stretchable range with tunable elasticity. 

3.3 Design Space of KiriInflate 

Figure 4: Overview and Design space of KiriInflate. 

We are motivated to harness the benefits of Kirigami slits struc-
tures in inflatables which opens up a new design space for creating 
inflatables with significant active contraction or shape change, en-
hanced stretchability with tunable elasticity. We present a diagram 
described in Figure 4 to map out the design space of KiriInflate: 

1) Structure. KiriInflate introduces heat welding and slits struc-
ture primitives to versatile structure, such as multi column array, 
uneven distribution, curved slits patterns, and multilayer. These 
structures achieve versatile actuated shapes with stretchability. 
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2) Scale. The flexibility in size allows for interaction across di-
verse scales, from sub-millimeter to sub-meter scale (Figure 5). 

3) Geometry parameter. The geometric parameters of the in-
ternal heat-welding and slits patterns control the range of motion, 
including the actuated contraction, passive stretchable range, and 
elastic force feedback. 

4) Material thickness and internal pressure. The fabrication 
technique supports multi-layers with different thicknesses. Adjust-
ments of internal pressure can tune the elasticity behavior. 

Figure 5: Cross-scale structures with single air column range 
from (a) 1.5 mm and (b) 30 mm. 

The main advantages of KiriInflate structure are that they have 
large-range active contraction once inflated, and the elastic force is 
passively enhanced at the same time. As shown in Figure 6a, the 
KiriInflate with each air channel width of 15 mm can quickly retract 
against the gravity of a 100 g weight. Figure 6b and Figure 6c show 
the size difference of the KiriInflate between the pre-stretched state 
and the inflated, contracted state. 

In our applications, we showcase the potential of our work in 
dynamic conformability, shape reconfiguration, and haptic feed-
back for tangible interaction. Examples include an eyelid-lifting 
assistive wearable that conforms to natural blinking motions, a 
game controller integrating both inflation-driven haptic feedback 
and passive stretch interactions, and a shape-reconfigurable lamp. 

3.4 Structure Design of KiriInflate 
Through the design of heat-welding and cutting patterns, we present 
a series of inflatable structures incorporating kirigami patterns. 
These inflatables demonstrate versatile performance when inflated 
and exhibit varying degrees of stretchability. 

3.4.1 Primitives. As shown in Figure 7, the Kirigami-inspired in-
flatable structures that commonly emerges from the current study 
feature simple straight slits, which provide a certain degree of 
stretchability and contractility [7]. 

KiriInflate builds upon this structure with several key optimiza-
tions. First, through introducing micro circular ends at the tips of 
the slits inspired by [5], the effective length of each cut is extended, 
allowing for a greater range of stretch. Additionally, the rounded 

Figure 6: Large contraction effect of KiriInflate. (a) The Kiri-
Inflate with a 15 mm air channel width can rapidly contract 
after inflation, overcoming the gravity of a 100 g weight. (b) 
and (c) show that KiriInflates of two different scales can both 
contract quickly and significantly once inflated. 

ends promote better overlapping of the structure during contrac-
tion, thereby enhancing its overall compressibility. Furthermore, 
we redesigned the original rectangular corners of the internal air 
channels into smooth arcs. This modification reduces stress concen-
tration at sharp corners, which is a common cause of airbag rupture, 
and thereby significantly improves the stability of airtightness. 

Figure 7: Primitives. (a) is Conventional Kirigami-inspired 
inflatable and (b) is our Optimized KiriInflate. 

3.4.2 Array. By systematically arranging primitive Kirigami and 
varying the connection pattern between the two adjacent units, 
three distinct types of elastic curved surfaces with differing me-
chanical behaviors can be achieved (as shown in Figure 8). These 
variations of connections may also be interpreted as differing de-
grees of surface perforation, allowing amounts of compressible 
space during structural contraction. 

Fully Connected (Figure 8a): Adjacent kirigami columns are 
completely overlapped, resembling a monolithic surface patterned 
with continuous kirigami cuts. The interlocking segments impose 
mutual constraints, resulting in relatively limited contraction but 
enhanced elastic restoring force. 



KiriInflate: Fabricating Cross-Scale Inflatables with Large Contraction and Tunable Stretchability UIST ’25, September 28–October 01, 2025, Busan, Republic of Korea 

Partially Connected (Figure 8b): This intermediate design fea-
tures partial overlap between adjacent columns, producing con-
siderable contraction along with visible overlapping effects rem-
iniscent of woven textiles. However, its elastic restoring force is 
comparatively reduced. 

Disconnected (Figure 8c): Each kirigami column is structurally 
independent, connected only by a topmost air channel. Due to 
the absence of lateral constraints, this design permits the greatest 
degree of contraction with minimal elastic response. 

Figure 8: Array: (a) Fully Connected; (b) Partially Connected; 
(c) Disconnected. 

3.4.3 Nonuniform Channel. The uneven distribution of Kirigami 
slits within an inflatable structure can lead to variations in air 
channel dimensions, which in turn induce uneven internal stress 
and result in unique deformation behaviors. 

Asymmetric Side Slit (Figure 9a): When the slits on the left side 
are shorter than those on the right, the air channel on the left 
becomes wider than that on the right. Upon inflation, the left side of 
the kirigami structure contracts less readily than the right, causing 
the entire actuator to bend laterally toward the right. 

Vertically Graded (Figure 9b): Given that the width of air chan-
nels significantly influences the stretchability of KiriInflate, design-
ing a gradient in channel width enables the actuator to exhibit 
graded elasticity. During interaction, this allows the slits to open 
sequentially. Morphologically, this gradient also induces a curling 
deformation of the airbag toward one side. 

Zoned (Figure 9c): Using a heat-weld process without cutting-
through, a single Kirigami layer can be divided into two separately 
controlled segments, each with independent inlets while maintain-
ing mechanical interaction. The left and right air channels are not 
interconnected. Under fixed-length conditions, inflating one side 
causes it to contract, which in turn mechanically pulls the other 
side into extension. 

3.4.4 Curved Pattern. Building upon conventional straight-line 
Kirigami slits, we developed several curved cut variants to explore 
new deformation behaviors. 

Parallel Wavy Line Surface (Figure 10a): This kirigami pattern 
remains planar after inflation and retains effective contraction and 

Figure 9: Nonuniform Channel: (a) Asymmetric Side Slit, (b) 
Vertically Graded, (c) Zoned. 

extension capabilities. A similar zigzag-shaped indentations has 
been studied by Tian Gao et al., where it resulted in complex 3D 
deformations [10]. However, as discussed earlier, the KiriInflate 
design removes movement restrictions at the cut sites for a plan, 
which explains the flatness of the cutting geometry despite its 
curvature. 

Tween Curve Surface and Mirrored Tween Curve Surface (Figure 
10b): This configuration generates a curved surface upon inflation, 
with the bending direction perpendicular to the orientation of the 
air channels. We hypothesize that this occurs due to differential 
contraction along the direction orthogonal to the air channels; that 
is, variations in local contraction across the channel width create 
curvature in the inflated structure. 

Bulging Waveform Surface (Figure 10c): By densely arranging 
interlocking Single Bulging Wave Line 2 curve cuts across a surface, 
the structure can bend into a continuous 3D surface upon inflation. 
The geometry enables the actuator to bend along the direction of 
the embedded air channels. 

Single Bulging Wave Line (Figure 10d): When extracted from the 
densely tiled arrangement, this individual curved element could 
still bend autonomously along the direction of the air channel upon 
inflation. Notably, it consistently bends toward the side that was 
closer to the laser head during thermal bonding—a phenomenon 
similar to that observed in aeroMorph [27]. Furthermore, by con-
trolling the width ratio between the wide and narrow sections of 
the air channel, the curvature can be tuned: the greater the width 
difference, the larger the resulting bend. 

Single Wavy Line (Figure 10e): Upon inflation, this loosely ar-
ranged wavy line contracts and retracts, generating a tightening 
effect akin to that of crocheted yarn being drawn taut. 

3.4.5 Multi-layers. Based on the experimental findings regarding 
material thickness and its pressure-bearing capacity, we observe 
that thicker layers deform less under the same internal pressure. 
Furthermore, we demonstrate that selective inflation of different 
layers within a multilayer KiriInflate can induce diverse deforma-
tion modes. 
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Figure 10: Curved Pattern: (a) Parallel Wavy Line Surface, (b) 
Tween Curve Surface and Mirrored Tween Curve Surface, (c) 
Bulging Waveform Surface, (d) Single Bulging Wave Line, (e) 
Single Wavy Line. 

Multilayer "Bulging Waveform Surface" (Figure 11a): The basic 
"Bulging Waveform Surface" admits the characteristic of bending 
to one side. In multilayer versions of this structure, we observed 
that when the number of membrane layers is asymmetrical, the 
structure preferentially bends toward the side with fewer layers. 
Moreover, the greater the asymmetry between the selected layers, 
the greater the inflation deformation bending curvature. 

Multilayer, Multi-channel Kirigami (Figure 11b): We designed a 
multilayer kirigami actuator with its axis of symmetry heat welded. 
This configuration enables programmable bending deformation in 
six distinct directions: forward, front-left, front-right, backward, 
back-left, and back-right. The mechanism for side bending in this 
structure is similar to the "Asymmetric Side Slit" case discussed 
earlier. 

3.4.6 3D Surface with Stretchability. In addition to the unidirec-
tional bending surfaces, we also propose a rapid method for generat-
ing complex, elastic surfaces with diverse deformation capabilities: 

Radial Slit (Figure 12a): This design inspired by [19] transitions 
from a 2D toroidal (donut-shaped) form to a 3D cylindrical shape 
upon inflation. The kirigami pattern endows the structure with 
adaptability to cylindrical or spherical geometries of different diam-
eters, making it suitable for integration with deformable biological 

Figure 11: Multi-layers. (a) As the inflation port moves to-
wards the middle layer, the thickness difference between 
the two sides of the KiriInflate structure decreases, and the 
bending curvature gradually decreases. (b) To inflate the in-
nermost layer, the KiriInflate is bent forwards; to inflate the 
left airway of the outermost layer, the KiriInflate is bent 
backwards to the left; to inflate the right airway of the out-
ermost layer, the KiriInflate is bent backwards to the right. 

tissues such as the upper and lower limbs, fingers, abdomen, or 
even the heart. 

Y-shaped Slit (Figure 12b): This structure transforms into a highly 
elastic arched shape upon inflation. Its geometry is particularly 
suitable for wearable applications around joint regions, where it 
conforms closely to the body while providing impact protection 
without restricting joint mobility. 

Concentric Circular Slit (Figure 12c): A kirigami pattern arranged 
along concentric circles with varying diameters produces a saddle-
like geometry upon inflation, characterized by high elasticity and 
negative Gaussian curvature. This configuration may be well-suited 
for applications requiring surface adaptability in multiple direc-
tions—such as soft robotic skins, adaptive seating interfaces, or 
wearable exoskeletal supports for complex anatomical regions. 

3.4.7 Dynamic Hollow Pattern. As illustrated in Figure 12d and 
Figure 12e, by perforating a curved surface with a densely packed 
pattern of Triangular and Quadrilateral Star Channel cuts, an elastic 
surface with controllable porosity can be obtained. Upon inflation, 
increasing the internal pressure causes each individual star-shaped 
unit to contract, thereby reducing the size of the surface pores. 
This design enables dynamic modulation of porosity in response to 
pressure changes, offering potential applications in fields such as 
tunable filtration, adaptive ventilation, or morphing architectural 
skins. 

4 Tunable Motion and Elasticity 
Various parameters can affect the performance of the inflatable 
kirigami structure. Currently, there is no standardized design method 
for creating inflatables with these characteristics. In this section, 
we conduct a series of tests to verify that inflatable scale, width, 
slit width, and material thickness can be adjusted as variables to 
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Figure 12: 3D Structure with Stretchability and Dynamic Hol-
low: (a) Radial Slit, (b) Y-shaped Slits, (c) Concentric Circular 
Slit, (d) Triangular Star Channel, (e) Quadrilateral Star Chan-
nel. 

control the inflation contraction rate, contraction force, and tensile 
force required to achieve the maximum size of KiriInflate (Figure 
13). 

During the tests, the inflatable contracted after inflation, and as 
each unit structure stacked, we measured the projection distance 
after stacking to determine the contraction distance, subsequently 
calculating the contraction ratio 𝜆. To measure the contraction force 
𝐹𝑐 , the inflatable was fixed in its uninflated and unstretched position, 
and the contraction force was measured using a force gauge after 
inflation. For the tensile force, we first measured the maximum 
stretchable distance 𝐿maxof the inflatable when uninflated. Then, 
after inflation, the inflatable was stretched to its maximum distance, 
and the tensile force 𝐹𝑡 was measured. 

All tests were performed with three samples, and the air pres-
sure in the inflatables was maintained at 50 kPa using a pressure 
regulator. 

4.1 Scale 
We compared the performance of inflatables with different sizes 
(ranging from a single column width of 2 mm to 17 mm, increasing 
in increments of 3 mm). To simulate real-world conditions, we 
applied a material thickness scheme that was adjusted according to 
the size of the inflatable: larger inflatables were made with thicker 
materials, while smaller ones were made with thinner materials. 

As shown in Figure 14, the test results indicate a significant 
positive correlation between the size of the inflatable and its per-
formance. Specifically, the maximum stretchable length increases 
significantly as the size grows, with the largest inflatable (17 mm) 

Figure 13: The experimental setup tests the adjustment of (a) 
contraction ratio, (b) contraction force, and (c) tensile force 
for KiriInflate. 

reaching a maximum stretch length of 366 mm. Both the contrac-
tion force and tensile force increase in parallel, with the largest 
sample requiring 6.37 N of force to achieve maximum stretch. 

The contraction ratio generally increases with the size of the 
inflatable. When the single column width reaches 14 mm, the maxi-
mum contraction ratio can reach 69.76%. This phenomenon is likely 
due to the fact that the sealing width during manufacturing did 
not scale proportionally with the size of the inflatable, causing 
the smaller inflatables to be more affected by fabrication process. 
However, when the sample size reached 17 mm, the contraction 
ratio decreases to 59.5%. We hypothesize that this is due to the 
increased resistance to deformation caused by the thicker material: 
the thicker the material, the greater the internal stress that needs 
to be overcome during contraction, thus reducing the contraction 
ratio. 

Figure 14: Experimental results of the performance of inflat-
ables with different sizes. 

4.2 Geometry Parameter 
To assess the impact of inflatable width on its performance, we 
conducted tests under fixed structural parameters (single column 
width of 8 mm and material thickness of 0.07 mm) while varying 
the total inflatable width (20-160 mm, with increments of 20 mm). 
As shown in Figure 15a, when the inflatable width exceeds 100 mm, 
the truss structure upon inflation exhibits near-complete vertical 
overlap, with the contraction ratio reaching its maximum value 
of 83.5%. Additionally, the maximum stretchable length increases 
substantially with width, with the largest sample (160 mm wide) 
achieving a maximum stretch length of 433 mm. However, both the 
contraction and tensile forces exhibit a decreasing trend. 

Similarly, we controlled the silt overlap distance to examine its 
impact on the inflatable (Figure 15b). Under fixed structural pa-
rameters (single column width of 8 mm, material thickness of 0.07 
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mm, and inflatable width of 64 mm), we varied the silt overlap dis-
tance (from 8 mm to 2 mm, with increments of 2 mm). Our findings 
reveal that reducing the overlap distance significantly enhances 
both the contraction ratio and stretchability, while corresponding 
contraction and tensile forces decrease. 

This trend follows a mechanism similar to that observed with 
width: reducing the overlap distance decreases the constraint be-
tween adjacent truss units, reducing the friction and constraint 
forces that need to be overcome during deformation, thereby im-
proving the deformability of the structure. However, this improve-
ment comes at the cost of mechanical strength. 

Figure 15: Experimental results of the performance of inflat-
ables with different (a) inflatable widths and (b) slit widths. 

4.3 Material thickness 
To investigate the effect of material thickness on the performance 
of inflatables, we prepared experimental samples with different 
thicknesses under fixed structural parameters (single column width 
of 8 mm, total width of 64 mm, and slit overlap distance of 18 mm). 
The material thicknesses used in the experiment were 0.03 mm, 
0.05 mm, 0.07 mm, 0.1 mm, 0.14 mm, and 0.2 mm. 

As shown in Figure 16, the test results indicate that variations 
in material thickness significantly affect the contraction ratio and 
mechanical properties. 

As the material thickness decreases, the contraction ratio of the 
inflatable shows a clear increasing trend, reaching up to 46.45%. 
This phenomenon is mainly due to two factors: thinner materi-
als experience lower internal stress during contraction, allowing 
for a higher contraction ratio, while thicker materials hinder the 
complete overlap of the air column truss structure, limiting the 
maximum contraction ratio. 

However, the reduction in material thickness is also accompa-
nied by a decrease in mechanical performance, as indicated by a 
reduction in both contraction and tensile forces. This is due to the 
lower stiffness of thinner materials, which are more prone to elastic 
deformation under stress, thus weakening the overall load-bearing 
capacity. 

Figure 16: Experimental results of the performance of inflat-
ables with different material thicknesses. 

4.4 Performance of Complex Structures and 
Design Assistance 

Beyond the primitive unit, we also investigated how scale, ge-
ometry, and material thickness influence the diverse structures 
presented in Section 3.4 (e.g., Arrays, Curved Patterns, 3D forms). 
Due to the complex, multi-directional mechanical responses of 
these shapes, our evaluation focused on qualitatively analyzing 
their morphological transformations under varied parameters. Our 
experiments confirm that these parameters have a consistent and 
predictable influence on the deformation of complex structures, 
similar to their effects on the primitive unit. We also documented 
and analyzed anomalous behaviors observed during testing. To 
support these findings and facilitate replication, we developed a 
comprehensive web-based user document1 that provides detailed 
observational data, explanations, and images for each structure 
(Figure 17). Furthermore, we offer a series of online parametric 
geometry generators on the website, allowing users to adjust key 
parameters and directly export fabrication-ready DXF files. These 
tools, built with Rhinoceros2 , Grasshopper3 , and ShapeDiver4 , low-
ers the barrier for other researchers and makers to build upon our 
work. 

Figure 17: KiriInflate web document, featuring parametric 
design generators on each structure page. 

1https://kiriinflate.github.io/
2https://www.rhino3d.com/
3https://www.grasshopper3d.com/
4https://www.shapediver.com/ 

https://4https://www.shapediver.com
https://3https://www.grasshopper3d.com
https://2https://www.rhino3d.com
https://1https://kiriinflate.github.io
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5 Application Example 

5.1 Conformable Eyelid Assistive Device 
Ptosis is often caused by neuromuscular disorders, and patients are 
often unable to open their eyes properly due to weakness of the 
eyelid muscles [9]. In most non-severe cases of ptosis, although the 
ability to open the eyes is impaired, the neuromuscular complex 
that controls eyelid closure remains intact. For such conditions, it 
is possible to use an artificial levator muscle to assist in restoring 
normal eyelid elevation. Current non-invasive assistive tools, such 
as eyelid crutches and kinesiology tapes, provide eyelid support but 
hinder natural blinking. We have designed a rehabilitation assistive 
device (Figure 18) that provides auxiliary lifting force to the eyelid 
while allowing natural blinking movements. 

Before inflation, the kirigami structure stretches but exerts mini-
mal force, thus not interfering with eyelid closure. Upon inflation, 
the inflatable contracts, increasing the lifting force and helping to 
raise the eyelid, allowing the patient to open their eyes more easily. 
At the same time, the patient only needs to exert a small amount 
of effort to blink. This means the device does not interfere with 
normal blinking, and during the blinking process, it also provides 
resistance training that helps strengthen the eyelid muscles. 

For attachment, the actuator can be secured to the eyelid us-
ing medical-grade skin adhesive or eyelash glue. The material we 
used, Polyethylene (PE), is recognized as a promising polymer for 
wearables due to its high infrared transparency and tunable visible 
opacity [2]. Comprehensive studies on long-term wearability and 
comfort would be a necessary step toward future clinical applica-
tion. 

Figure 18: (a) Eyelid assistive device that does not interfere 
with normal eye movement when uninflated, and (b) provides 
eyelid lifting support while (c) allowing natural blinking and 
offering resistance training when inflated. 

5.2 Dynamic Elbow Brace 
We have developed an adjustable pressure elbow brace that auto-
matically contracts after inflation (Figure 19). Unlike traditional 
bandage braces, this device allows users to adjust the pressure on 
the elbow by regulating the air pressure, enabling dynamic pressure 
adjustment and eliminating the need for frequent donning and doff-
ing. Additionally, dynamic compression can be achieved through 
rapid inflation and deflation. Compared to traditional rigid or inflat-
able braces, the kirigami structure ensures that the brace does not 
restrict the elbow’s range of motion, allowing for free bending. This 
dynamically adjustable brace can real-time adjust pressure during 
sports training, balancing protection and performance, and effec-
tively preventing overuse injuries during prolonged use, making it 
highly applicable. 

Figure 19: (a-b) Adjustable pressure elbow brace that auto-
matically contracts upon inflation, (c) while allowing for 
unrestricted bending. 

5.3 Multi-mode Game Handle 
We developed an interactive game handle integrated with tactile 
feedback and sensing functions using KiriInflate (Figure 20). The 
handle features a multi-layer structural design, primarily consist-
ing of three independent air chambers: the upper left chamber, the 
upper right chamber, and the lower main chamber. When the game 
requires a leftward action, the upper left chamber inflates, causing 
lateral contraction on the left side. This tactile feedback prompts 
the user to press the left function button, which is equipped with a 
graphene conductive coating to enable touch sensing functionality. 
The rightward action feedback is achieved with the same princi-
ple using the right chamber. The lower main chamber serves a 
dual function: upon inflation, it facilitates overall contraction move-
ment of the controller, and when stretched, it activates the sensing 
function. This sensing function, implemented through pre-installed 
graphene conductive circuits, detects the displacement caused by 
the stretching of the controller, thereby simulating actions such as 
bullet firing in the game. 

Figure 20: (a) Interactive game handle with three air cham-
bers: (b) upper left, (c) upper right, and (d) lower main, fea-
turing tactile feedback and sensing functions. 

5.4 Breathable Lamps 
We have developed some inflatable, shape-shifting lamps (Figure 
21). In their uninflated state, the lamps naturally hangs down under 
the influence of gravity, taking on a soft, pre-stretched form that 
creates a gentle, tranquil atmosphere. Upon inflation, the lamps 
actively contracts, transforming into a structurally defined three-
dimensional shape, offering a striking visual contrast. This transfor-
mation allows users to intuitively perceive the "breathing" and "life" 
of the lamps, with the dynamic shift in form not only reflecting 
the interaction between structure and material, but also empha-
sizing the dynamic relationship between the user and the product. 
The KiriInflate imbues the lamps with unique aesthetic value and 
sensory experience. 

The inflating method of the lamp holds great potential for future 
exploration. By injecting a low-boiling liquid into the inflate, it 
automatically inflates and changes shape when the lamp is turned 
on, and drops back down when turned off. 
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Figure 21: (a) Lamp constructed with "Bulging Waveform Sur-
face" modules, showing a gravity-dependent drooping form 
when uninflated, and a stable outward-arching 3D shape 
upon inflation. (b) Lamp built with "Concentric Circular Slit" 
modules, transitioning from a loose mesh to a defined, saddle-
like shape upon inflation. (Scale bar: 100 mm.) 

6 Discussion, Limitation, and Future Work 

6.1 Control of Electrostatic Adhesion 
Our approach leverages the inherent electrostatic adhesion prop-
erties of the material, making it well-suited for thermal welding 
processes. The strength of electrostatic adhesion plays a significant 
role in performance. For instance, when small-sized inflatables are 
made from thin materials, inflation may cause them to overlap, and 
upon deflation, the electrostatic force may prevent the structure 
from returning to its original state due to the overlapping shrink-
age. Moreover, thicker materials tend to weaken the electrostatic 
adhesion. To address this, we employed multi-layer thin films to 
achieve the desired level of electrostatic force. We also explored the 
use of low-cost electrostatic generators to enhance the adhesion 
of materials, such as TPU, that initially exhibit weak electrostatic 
properties. 

6.2 Compatibility of Complex Inflatable 
Structure 

The fabricating method proposed in this study offers significant 
advantages for producing high-precision small inflatables with slits 
or hollow structures and complex air channels. In addition to the 
Kirigami inflatable structure, which is the focus of this paper, our 
method is also applicable to other structures. As Figure 22 shows, 
our technique enables the fabrication of hollow patterns to create 
3D shell-like surfaces (the fabrication file is adapted from research 
in computer graphics [30], with scaling adjustments). This man-
ufacturing approach opens new possibilities for designing intri-
cate internal patterns for inflatables. Future research on inflatable 
structures and their applications can benefit from the method we 
proposed. 

6.3 Sensing Integration 
Inflatables with sensing capability will improve the application in 
the HCI field [36]. Inspired by [44], we have explored methods 
for integrating sensing capabilities into the KiriInflate structure. 
The Kirigami design is particularly suitable for embedding circuits 
while maintaining their stability, and the inflation process intro-
duces changes in the electrical properties. We conducted prelimi-
nary trials by applying graphene conductive spray paint onto the 
inflatables, achieving a sensing effect without compromising the de-
formation or mechanical performance of the inflatable. Specifically, 

Figure 22: Fabrication outcome of a curved structure featur-
ing a complex, small-scale hollow pattern. The fabrication 
pattern is adapted from [30]. 

the inflation process causes a reduction in resistance, while pas-
sive stretching results in an increase in resistance (Figure 23a). We 
included curves showing resistance changes under uninflated, in-
flated, and stretched conditions, measured using an Arduino-based 
setup (Figure 23b). 

Further experiments are needed to assess whether this approach 
is suitable for miniaturized inflatables made from ultra-thin ma-
terials. Additionally, the proposed inflatable kirigami structures 
are well suited for conforming sensor arrays—such as electrodes 
[46]—to complex body surfaces while maintaining close skin con-
tact. When integrated with functional circuits, these structures 
could enable various wearable applications in health monitoring 
and interactive systems. Moreover, the observed resistance changes 
may serve as feedback signals for closed-loop inflation control. 

Figure 23: (a) Inflation and stretching applied to the game 
controller. (b) Resistance decreases during inflation and in-
creases during stretching. 

6.4 Comparison with Other Actuators 
This section presents a quantitative comparison between KiriInflate 
and a representative existing kirigami-based inflatable actuator, 
Weld n’Cut [11], conducted under identical experimental condi-
tions, with results summarized in Table 5. The data reveal that 
KiriInflate achieves a superior contraction ratio. We attribute this 
advantage to two key features: first, our fabrication process creates 
narrower seals that increase the effective air channel width for 
greater contraction; second, optimized round-hole slit ends pro-
mote more efficient stacking of the inflated units. Furthermore, our 
technique enables fabrication at significantly smaller scales (down 
to 0.1× the size of prior samples), a direct result of the precise align-
ment afforded by electrostatic adhesion. However, this performance 
profile involves a trade-off. Due to its PE film construction with 
lower pressure tolerance, KiriInflate produces a smaller actuation 
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force (≥ 32 g load) compared to more robust TPU-based actuators 
like Weld n’Cut (≥ 50 g load). Therefore, our method is ideally 
suited for applications that prioritize small scale, high compliance, 
and large deformation (both contraction and stretch), rather than 
high force output. 

Table 5: Performance Comparison of Pneumatic Kirigami 
Actuators. 

Method 
Contraction 

Ratio 
Force 

Pressure 
Tolerance 

Weld n’Cut [11] 40 % ≥ 50 g load N/A (> 100 kPa) 

KiriInflate 67.6% ≥ 32 g load 75 kPa 

Note: Both methods were tested on samples with a scale of 150 mm × 125 mm. Contrac-
tion ratio and force values are measured at 50 kPa. The ratio is relative to the original 
length before inflation. 

In the broader context of pneumatic actuators, KiriInflate demon-
strates clear superiority in large-magnitude deformation. Its maxi-
mum contraction of 83.5% significantly exceeds that of both typical 
artificial muscles (55.3% [16] and McKibben actuators (32% [15]). 
This adaptability is rooted in the complex, cross-scale structures 
our method can produce, albeit with the trade-offs of lower pres-
sure limits and actuation force. Thus, KiriInflate is ideally suited 
for applications prioritizing large, adaptable deformation over high 
force output. 

6.5 Durability and Fatigue 
6.5.1 Fabrication Consistency and Pressure Tolerance. To assess 
consistency of the fabrication method, we conducted inflation tests 
on KiriInflate basic structure with three distinct sizes: small (2 mm 
channel width, single-layer 0.03 mm thickness), medium (8 mm, 
0.07 mm), and large (14 mm, 0.14 mm). Each group included ten 
samples. The tests showed no leakage in small samples and only one 
failure in both the medium and large samples. Analysis indicated 
that leakage mainly resulted from microbubbles trapped between 
film layers, which hindered full fusion. 

The maximum pressure capacity was measured by inflating sam-
ples until failure, defined as the point at which continuous bubbles 
appeared in the water during inflation. The results showed a clear 
negative correlation between size and pressure resistance. Small 
samples had the highest tolerance, failing around 120 kPa (range: 
80–220 kPa). All failures in this group resulted from inlet seal rup-
ture rather than tearing of the air chamber, indicating that inlet 
sealing was the main limitation. Medium and large samples showed 
lower capacities (45–80 kPa and 45–60 kPa) and mainly failed due to 
tearing near pattern corners where stress concentration developed. 
To improve this, we explored whether reinforcing the structure with 
additional heat-seal boundaries could improve strength. We found 
that applying a triple heat-seal with 0.5 mm spacing increased the 
maximum pressure in large samples to 175 kPa, which confirmed 
that this method was effective. 

6.5.2 Inflation Fatigue Testing. To evaluate durability under re-
peated inflation, we performed cyclic inflation tests on medium 

samples (8 mm channel width, single-layer 0.07 mm thickness). 
We applied cyclic loads of 50 kPa using a pneumatic pump, with 2 
seconds inflation and 2 seconds deflation to simulate repeated use. 
Over a test duration of approximately 7 hours per sample, failures 
occurred after around 6,500 cycles in all three replicates. All fail-
ures initiated at a sharp corners, where stress concentration caused 
cumulative fatigue and rupture. 

6.5.3 Tensile Fatigue Testing. As shown in Figure 24a, dynamic ten-
sile fatigue tests were performed on pre-inflated (50 kPa) medium 
samples using a single-arm tensile tester (Xiamen Qunlong Instru-
ments, QL-5W). Cyclic loading (10 mm/s) was applied over a 0–130 
mm displacement range, with force–displacement recorded at 50 
Hz. 

After 200 cycles, samples remained intact without any physical 
damage. We observed that the force–displacement curves stayed 
stable during the first 60 cycles, with peak tensile force fluctuating 
around 2.82 N. After 60 cycles, the peak force began to decrease 
gradually. By the 100th cycle, peak force had dropped by 9.9% to 
approximately 2.54 N. At the 200th cycle, peak force had decreased 
by 25.9% to about 2.09 N, indicating gradual stiffness degradation 
following the initial stable phase. Force–displacement curves for 
cycles 0 to 20 and cycles 180 to 200 are shown in Figure 24b. 

Figure 24: Tensile fatigue test. (a) Experimental setup. (b) 
Force-displacement curves comparing early and late cycles, 
showing stiffness degradation. 

6.6 Simulation Challenges 
Our online web tool currently provides basic parametric structure 
generation capabilities. However, developing an inflation process 
simulation and real-time deformation previews is a challenging 
task. This is primarily due to the complexity of the inflatable struc-
ture and the uncertainties of internal overlap and collision during 
inflation. Future work will further develop the tool to support sim-
ulation, real-time deformation previews, and design optimization. 

7 Conclusion 
In this study, we present KiriInflate, a novel fabrication method that 
enables rapid, high-resolution construction of inflatable structures 
with complex internal slit patterns. By leveraging the static cling 
of PE films and the dual cutting-welding capability of laser cut-
ters, our approach enables high-resolution, single-step fabrication 
of intricately patterned inflatables across scales without requiring 
specialized hardware or alignment processes. This significantly 
lowers the technical barrier to producing high-resolution kirigami 
inflatables. Through a series of experiments, we summarize the 
laser parameter settings required to achieve (a) simultaneous heat 
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welding and cutting and (b) heat welding without cutting across 
materials of varying thicknesses. Considering the combined effects 
of the heat sealing pattern and slit geometry, we developed a struc-
tural library of Kirigami-based inflatable modules that exhibit di-
verse actuation behaviors and passive stretch capabilities. Through 
systematic experimentation, we examined how variables such as 
scale, geometric parameters, and film thickness influence actuation 
performance, including active contraction, passive stretchability, 
and force output. These empirical findings inform the development 
of a parametric design tool that enables users to customize inflat-
able structures. We demonstrate the versatility and applicability of 
this approach through four examples: (1) an eyelid-lifting assistive 
wearable that accommodates natural blinking; (2) a dynamic elbow 
brace; (3) a game controller that integrates inflation-driven haptic 
feedback with passive stretch interactions; and (4) a collection of 
shape-reconfigurable lamps. These applications illustrate the poten-
tial of the KiriInflate system in achieving dynamic conformability, 
shape reconfiguration, and haptic feedback for tangible interaction. 
Looking forward, we envision KiriInflate unlocking new opportu-
nities for designers, makers, and researchers to leverage the art of 
slits in inflatables for creating interactive experiences across a wide 
range of scales and application scenarios. 
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