Kirilnflate: Fabricating Cross-Scale Inflatables with Large
Contraction and Tunable Stretchability for Tangible Interaction
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Figure 1: Cross-scale primitive structures and applications of Kirilnflate. (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.)
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3 Overview of Kirilnflate
3.1 Fabrication Technique of Kirilnflate
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Table 1: Comparison of Representative Methods for Inflatable Fabrication.

Yue Yang, et al.
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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 Kirilnflate

Figure 4: Overview and Design space of Kirilnflate.
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T m » s rwfl  sre wr x
rg r mg mr »nom wfl » s r s
? ss now s® WSS » w7 gur
r wfl ro W 1 mm  »aw rox
g ws er 1 g s Tgur » S ger s
sz ffrwm r wf] » »r Sr s
» wfl o s
»owur CH s s i . woox m
» oW » 1N s p r wnfigar w w »
X we »ox » ®p S W oW » ng
ss s x ®orWs M owr ® WM WS
gm NX rm gr wng wfl o omop
® PSS st nox s ® s p r whgur wp
3.4 Structure Design of Kirilnflate
T r wg s gm ®g W W wWgp  xWS 2
sx s wfl STe WrS W Xp X W Xg w P IR
T s wf S w WST¥ rs Pr TR R » wf]
» ¥ g & S Ssr
3.4.1 Primitives. ss »om T gar g wa mMSpr W
fl STH Wr S WaRA W WA X S T W wr om s
Wr SwWyp Sx g S S »r rom gr
sx CHEE []
r wfl % o Sswp W SsSreowr s r P Rz
CRIR Xug WMrX W WMgW X rw r ms »s
S s mSpr [] ff ng n s »
ng r gr XX ng S x » X oum

Yue Yang, et al.

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

3.4.2  Array. S s m T Mg Mg T W rg ®m W
X we R CI Ty » »owums
x s m ®s s wr sar S ff r ng m
» xS W (ss mwmTgur )T s
»s R RS ™ s moxpx s ffrwg
&r S swr »Prr m B W wm S wpr SS
s WX Mg S ry wr I »
Rl e (Fgur ) ®n rgm wRmS ¥
N X rsSmwm wNg Ww sux » Iw
®» owws rgwa ows T  m x NS W WS WP S
AU WSKX WS T SM Ng WK » nx now
noOw S rs rxrwmg ¥



Kirilnflate: Fabricating Cross-Scale Inflatables with Large Contraction and Tunable Stretchability

Pr R (Fgar )T s m rm S gm
wr s r X » » WHRS Pr W Ng W
s r »x » N s x ppwg f srom
nSs ®m » S r s S xS rmg x S

wp row

s mm Fgur ) rg W wwam SSrH wr

nopRow R » pRs x R .1
s ®m x NS X WS S Sgwmppr® s &r S

8r »r » R R S r sp ws
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Figure 9: Nonuniform Channel: (a) Asymmetric Side Slit, (b)
Vertically Graded, (c) Zoned.
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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.
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Figure 11: Multi-layers. (a) As the inflation port moves to-
wards the middle layer, the thickness difference between
the two sides of the Kirilnflate structure decreases, and the
bending curvature gradually decreases. (b) To inflate the in-
nermost layer, the Kirilnflate is bent forwards; to inflate the
left airway of the outermost layer, the Kirilnflate is bent
backwards to the left; to inflate the right airway of the out-
ermost layer, the Kirilnflate is bent backwards to the right.
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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.
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Figure 13: The experimental setup tests the adjustment of (a)
contraction ratio, (b) contraction force, and (c) tensile force
for Kirilnflate.
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Figure 14: Experimental results of the performance of inflat-
ables with different sizes.

4.2 Geometry Parameter
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5 Application Example
5.1 Conformable Eyelid Assistive Device
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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
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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
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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
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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
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6.2 Compatibility of Complex Inflatable

Structure
T X mg W PrTP®S W ssw ffrssgnfi wm
m gs rpr w wmg g pr s msw wfl S s s
x sre wrs W wap r MR oS W »
rg w wfl S re wr s us sp P wr
wa s s rSru wr s S °gur s s
wr mear W S x » ®» s x
s sur s ( r nfi s p rmrxs x
m wpw rerp s[ ] s wmg wsmwms) T swm
” ur ng per P RS W ® SS S X Sgnmg BmX
e res x wfl s Twwr rs r  m owf
sru wr s m () s ®m wmfi rom i)
b2 I

6.3 Sensing Integration
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Figure 22: Fabrication outcome of a curved structure featur-
ing a complex, small-scale hollow pattern. The fabrication
pattern is adapted from [30].
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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
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Table 5: Performance Comparison of Pneumatic Kirigami
Actuators.
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6.5 Durability and Fatigue
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6.5.2 Inflation Fatigue Testing. T ” wrx weo rx
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Figure 24: Tensile fatigue test. (a) Experimental setup. (b)
Force-displacement curves comparing early and late cycles,
showing stiffness degradation.

6.6 Simulation Challenges
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