
Case Study:
Robotic Hand and Control Glove with 

Printed Stretchable Strain Sensors
NOVA is the world’s first benchtop printer for soft, stretchable, flexible, or 
conformable electronics. It uses direct-write extrusion printing to precisely 
dispense any screen printable material onto nearly any substrate.

Create a robotic hand and control glove to showcase the capabilities of 
NOVA’s stretchable ink printing, as well as the versatility of the V-One.

The robot hand and control glove project was conceptualized by Dawson 
Martian, a Voltera test engineering intern studying Mechatronics, Robotics, 
and Automation Engineering at the University of Waterloo. 

During his internship at Voltera, Dawson had been designing a light up glove 
using stretchable conductive ink and Thermoplastic Polyurethane (TPU). He 
noticed that when the glove was put on and powered, the brightness of the 
LEDs would vary depending on whether the user’s hand was open or closed. 
The lights were dimming due to the increased resistance of the traces when 
they were stretched. Essentially, the traces were acting as strain gauges, and 
Dawson concluded that the varying resistance 
could be applied as a control mechanism. This 
discovery was a lightbulb moment. 
 
Building on this project, Dawson designed a 
glove with printed strain gauges that, when 
worn, would control the movements of a 
robotic hand.

GOAL:

BRIGHT IDEA:



A strain gauge is a sensor whose resistance 
value varies with changes in strain — being 
stretched, bent, or compressed. Imagine a 
stretchable pipe with water running through 
it. As you stretch the pipe, it becomes longer 
and narrower, restricting the flow. 
 
Now, apply this same principle to the traces 
in the control glove, which are made with 
stretchable conductive ink. As the traces 
stretch, the traces become longer and 
narrower, restricting the flow of electricity — it 
changes the resistance. The accompanying 
transmitter board interprets this change in 
resistance, and that information can then 
be used to control other devices — like the 
robotic hand.

Stretchable conductive ink gives you the ability to create a strain gauge on 
almost any stretchable material. That’s pretty impressive!

WHAT IS A STRAIN GAUGE?

The biggest hurdle was designing the strain gauges for the control glove — 
finding the optimal procedure that would allow the gauges to fully stretch 
without losing conductivity completely, but still having a measurable change 
in resistance. In the end, thicker traces resulted in more consistent continuity 
while stretching.

BIGGEST CHALLENGE:

STRAIN: 
An external force that is applied 

to an object, causing deformation 
through stretching or compressing. 
Tension increases resistance, while 
compression decreases resistance. 



BUILDING THE GLOVE:

PRINT 
TRACES

APPLY TPU
TO THE GLOVE

ATTACH 
WIRES

CREATE 
WRIST-STRAP

PRINT
ARDUINO

CONNECT 
WIRES

Using NOVA, the 
traces were printed 
with DuPont 
PE874 stretchable 
conductive ink onto 
DuPont TE 11-C 
TPU.

TPU was heat-laminated 
onto the glove using a 
T-shirt press.

Wires were attached 
to the glove traces 
using MG Chemicals 
9400 conductive 
adhesive.

A wrist-strap was  
3D printed using a  
non-flexible filament 
— to mount the 
circuit board.

An Arduino™ with a custom 
breakout board — printed on 
the V-One — monitored the 
glove and communicated 
via a Bluetooth® transceiver 
attached to the glove.

The wires were then 
connected to the board, 
beginning with the pinky 
finger connecting to the 
leftmost port, followed by the 
other fingers in sequence.
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https://www.ccieurolam.com/wp-content/uploads/PE874-TDS.pdf
https://www.ccieurolam.com/wp-content/uploads/PE874-TDS.pdf
https://www.ccieurolam.com/wp-content/uploads/PE874-TDS.pdf
https://insulectro-pe.com/products/intexar%E2%84%A2-te-11c-film
https://insulectro-pe.com/products/intexar%E2%84%A2-te-11c-film


BUILDING THE HAND:

PRINT 
ROBOT HAND

PRINT
JOINTS

INSTALL
“TENDONS”

TRANSMIT
INSTRUCTIONS

ASSEMBLE 
COMPONENTS

The robot hand 
components were 
3D printed on an 
Anycubic Mega 
printer using a  
non-flexible filament.

The joints were printed 
with a TPU filament.

Five servo motors 
were installed in 
the robot hand, 
connected to wires 
that are run internally 
as “tendons” through 
the fingers.

An Arduino™ with a custom 
breakout board — printed on the 
V-One — controlled the actuators 
of the hand, receiving movement 
commands from the Bluetooth® 
transceiver.

The robot hand components 
were assembled.
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CODE WAS WRITTEN TO 
SOLVE 3 PROBLEMS:

• To allow the control glove and 
the robot hand to communicate. 

• To measure the resistance of 
the strain gauges in the control 
glove.

• To control the servos in the 
robot hand, which move the 
fingers.



This project relies on a printed wearable strain sensor that is bonded to an 
off-the-shelf garden glove. The sensor has five independent strain elements, 
one for each finger, made of conductive silver ink printed onto a TPU film. It 
is then heat-laminated onto the glove to add electrical function to standard 
textiles, and bonded to wires with conductive adhesive. 

This sensor output is monitored by two separate boards. The first is 
connected to the strain gauges on the glove, and measures resistance based 
on the hand movements of the operator.  The second board is connected 
to the servos in the robotic hand, and instructs the hand to mimic the 
movements of the operator.

From printed on-skin sensors to clothing that can measure your heart rate, 
yet go through your wash cycle — NOVA bridges the gap between what 
we can do and what we wish we could do with electronics. With NOVA, 
technology is no longer the limitation of your brilliance. Its applications are 
almost limitless. Print anything. On everything.

Explore NOVA. Explore the possibilities.

Questions?

Reach out to sales@voltera.io.

HOW IT WORKS:

OUTCOME:

“The most exciting thing for me was the 
realization of the true possibilities that NOVA 
brings to the world of stretchable and flexible 
electronics. Considering that I — a second 
year engineering student — was able to utilize 
NOVA and the V-One to create what I consider 
to be a pretty exciting project in around 2 
months… imagine what could be created by 
people with more engineering experience. 

It really gets me excited for this new age 
of electronics. I believe this project just 
scratched the surface of the potential uses 
for stretchable electronics. What is so mind 
blowing about NOVA’s technology is the 
extensive possibilities that come with it.”

Dawson Martian
Test Engineering Intern, 
studying Mechatronics, 

Robotics, and Automation 
Engineering at University of 

Waterloo

http://voltera.io/nova
mailto:sales%40voltera.io?subject=
https://www.linkedin.com/in/blaine-martian/

