DOI 10.5162/eurosensors2026/4.3.2

A Torque Sensor using 3D Printed Conductive TPU
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Summary: A fully 3D printed torque sensor was realized through FDM by embedding a conductive TPU
helix inside a PA12 body. Torque loading changes the helical sensing path and causes a resistance
increase. The printed devices show an approximately linear response up to 3.5 Nm. Repeated cycling
between zero and 1 Nm remains detectable but shows baseline drift. These results demonstrate the
potential of fully 3D printed sensors and highlight the main challenges for optimization.
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Conductive Filament

Background, Motivation and Objective

Conductive polymers have been used in fused
deposition modeling (FDM) to directly print elec-
trical interconnects and functional sensors into
structural components, enabling a high degree
of integration without post-assembly. Various
studies have demonstrated 3D printed strain
sensors based on conductive filaments [2], as
well as soft tactile sensors embedded in compli-
ant structures [3]. In addition, torque sensing
has been explored using additively manufac-
tured structures with conductive paths, by print-
ing metallic silver inks, although this requires
specialized processes not compatible with
standard FDM workflows [4]. A common limita-
tion across these approaches is the high electri-
cal resistance of conductive polymer compo-
sites, compared to metal wiring, and their sen-
sitivity to environmental and mechanical influ-
ences, resulting in drift, hysteresis, and limited
long-term stability [1]. In this work, we exploit
these characteristics to realize a fully 3D printed
torque sensor, targeting applications such as
human-robot interaction where the detection of
small torque variations is essential.

Description of the Torque Sensor

We propose a small inline torque sensor that ex-
ploits the helical deformation along the path of
a helical conductive structure. When subjected
to torque, the elastic twist response of the helix
causes a change in its length, which can be
measured and correlated to the applied torque
through the piezoresistive material behavior.
The sensor is fabricated on a standard PrusaXL
printer (Prusa Research a.s.) using fiberology
PA12 (Fiberlab S.A.) as the structural material,
due to its wide elastic deformation capabilities
and low creep. The carbon black [1] enriched fil-
aflex conductive TPU (Recreus Industries S.L.)
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Fig. 1. Left & Middle: Dimensions (mm) of the
torque sensor built from PA12 and a conductive TPU
helix. Right: FDM fabricated sensor with wires.

is used for the sensor element. Filaments were
dried and printed with 0.4 mm diameter nozzles
at 100% concentric infill, 235 °C for TPU, and
265 °C for PA12. Specimens were stored in a
dry box at room temperature after printing. As
shown in Fig. 1, the helical sensing element is
embedded in a PA12 cylinder between 2" sock-
ets. In total, 115.6 mm x 1.2 mm? of conductive
material are expected to give a total resistance
of 21.6 to 33.6 kQ given the previously reported
processed material resistivity of 22.4 to 34.9
Qcm [1]. The volume ratio of conductive TPU of
the cylinder is 20.4%. Short pieces of 0.2 mm
enameled copper wire were tinned, heated, and
inserted into the straight ends of the conductive
helix. An Otti Ace (Qoitech AB) source meas-
urement unit (SMU) was connected to the spec-
imens to record current under a constant volt-
age of 1.0 V to study the piezoresistive re-
sponse under load. The sensor is fully clamped
in the sockets up to the inner cylinder in a vice
and custom test fixture shown in Fig 2. Through
a retaining pin, the system can be reset and
kept in a baseline state without any applied
torque or twist. Without the pin, a torque of up
to 5 Nm can be applied by adjusting the weight
on the lever arm.
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Fig. 2. Torque testing setup with an adjustable
hanging mass on a lever arm inducing clockwise
torque into the sensor and a 0° locking mechanism.

The rotational support minimizes bending loads
but still allows for small height expansion. The
expected rotational displacement 6 (twist) of the
cylinder can be calculated with eq. (1) using the
material’s shear modulus G, cylinder length L =
6 mm and polar moment of inertia | = 2.04 -
10~% m*, given the diameter of 12 mm.

o=o (1)

Due to material heterogeneity and FDM-in-
duced uncertainties, ¢ cannot be determined
precisely but is assumed constant in the linear-
elastic regime. For reference, isotropic PA12
(G = 0.5GPa)[5] yields 6 =~ 1.7°at T = 5 Nm.

Results

The torque sensors show an initial baseline re-
sistance Ro of 20.4+0.7 kQ after printing (n=6)
and were split into two sets for experimental
study. During stepwise increasing static load-
ing, the sensor shows a linear response up to a
torque of 3.5 Nm with high resistive sensitivity
of 15.3% and deformation of 7.3° (see Fig. 3).
Further loading beyond 3.5 Nm causes satura-
tion of the resistance and eventually irreversible
resistance change. However, rotational defor-
mation does not stop beyond 3.5 Nm and con-
tinues linearly up to 10.5° at 5 Nm. Cyclic load-
ing tests in the linear range alternating between
0 Nm and 1 Nm torque (see Fig. 4), are detect-
able by a 3% difference but show a linear de-
crease in both the loaded and unloaded re-
sistance readings throughout repeated cycles.
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Fig. 3. Resistance and twist change under increas-
ing static torque from 0-5 Nm for specimens 1-3.
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Fig. 4. Resistance change over repeated loading to
1 Nm (L) and forced relaxation to 0 Nm and 0° (R) for
specimens 4-6 compared to an optimal theoretical
behavior without drift.

The results indicate that conductive TPU can be
used for small fully 3D printed torque sensors.
However, resistance drift under repeated cycles
limits the application to single-use scenarios.
Additionally, the twist deformation of several de-
grees is undesirable for inline torque sensing.
The current sensor geometry was derived from
theoretical considerations but has not yet been
optimized with respect to electrical recovery,
mechanical stability, and long-term cyclic be-
havior. Future work should therefore explore al-
ternative geometries, heat sintering [2], the in-
fluence of axial loading, and alternative trans-
duction principles such as capacitive sensing.
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