
Flexible Wearable 3D-Printed 
Electromagnetic Haptic Actuators Strips

Summary
We present bi-stable electromagnetic (EM)
actuators mounted in flexible strips that were 3D
printed using both hard and soft materials. Our
flexible haptic strips (1x4 actuator arrays) can be
worn on fingers, arms, and legs for notification or
VR applications. Each actuator is capable of
delivering DC displacement and vibrations from 0.5
Hz to 50 Hz, on both sides of the strip. The strip
can easily be bent to a 3 cm radius of curvature.

Technology
Each EM actuator unit consists of a rigid shell (10
mm diameter, 8 mm thick), inside of which a
shielded permanent magnet moves between two
latched positions. The pins (red and blue regions in
Figure 3) rise above the top or below the bottom
surfaces, leading to haptic sensation on both sides
of the strip. The actuation coils and electrical
interconnections are made using flexible PCBs
(Figure 4), and are easily scaled up.
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Performance
We reported a 12x16 rigid array of similar latching
EM actuators as a haptic display for visually-
impaired users at CHI 2017, Interactivity Demo
(Figure 2). Here we extend the concept to flexible
scenarios.
The flex EM actuators have even better
performance than their rigid counterparts. Switching
time is under 20 milliseconds, allowing both static
and vibration stimuli. All pins have a measured
holding force of over 300 mN (enough to be easily
felt) and a total travel of 2 mm, protruding from
either top or bottom surface.

Conclusion
Our work is a key step towards high-density flexible
haptic gloves and wearable patches, as an
innovative means of receiving information, but also
as novel ways for users to interact with complex
data.
At the workshop we will demonstrate a three-
fingered soft glove consisting of 3 strips, enabling
feeling static and vibrational stimuli. We are scaling
up to larger arrays, i.e. a flexible version of the 192
taxel display shown in Figure 2.
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Figure 3: Schematic cross-section of the flex haptic strip. Green: magnet, red 
and blue: pins, white: rigid shell, black: flexible material, thin yellow: flex PCB.

Figure 2: Rigid 12x16 haptic display (15 cm x 12.5 cm). The user touches smooth 
plastic taxels, driven by an underlying array of 192 high-speed EM actuators. http://lmts.epfl.ch herbert.shea@epfl.ch

Figure 1: Flexible 3D-
printed strip. The white
pins rise from top and
bottom surface by 2 mm
to generate static or
vibration stimuli.

Figure 4: The top and bottom coils are
fabricated on one flex PCB, which is
wrapped around the 3D printed part.
Combining flex PCBs with 3D printed
material allows easily scaling up to
large arrays and non-planar shapes.


