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MOTIVATION
Hap�c feedback is important in aug-
mented and virtual reality (AR/VR) 
because it closes the loop of touch 
sensa�on and provides physical real-
ism to the virtual world.

CHALLENGE
Clothing is appealing for whole-body 
hap�c interfaces because it is in 
direct contact with the user’s skin 
and provides a large space for deliv-
ering hap�c feedback. However, 
most hap�c garments are based on 
rigid devices which tamper the so�-
ness of clothing and increase encum-
brance for the user.

We introduce a HYperelas�c FAb-
ric-Reinforced (HYFAR) so� actuator 
that is pneuma�cally powered.  
They are so�, can render high 
forces, hyperinflate, be manufac-
tured from textiles and at scale, 
render low encumbrance to the 
user, and inflate into diverse shapes.

OUR APPROACH

p=40 kPa

Material parameters

Finite element mesh

Mapping

Gradient

Ω b.c.

MODELING
Infla�on of HYFARs can be expressed 
as a minimiza�on problem over a 
domain Ω ∈ R3 as described in the 
finite element theory. We seek to 
find the displacement field u: Ω → R3 
that minimizes the total Helmholtz 
free energy Π in the admissible func-
�on space H that sa�sfies boundary 
condi�ons.

(1)

(2)

FABRICATION

DEMONSTRATION

Fu
ll 

pa
pe

r

p=1 kPa p=10 kPa

a)

b)

c)

b)a)

c)

1 Systems Science and Engineering, Cornell University.
2 Reality Labs, Meta.


