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3D-Printed Liquid Metal-based Stretchable Conductors and Pressure
Sensors

Thassyo Pinto1,?, Claudia Chen2, Cody Pinger3 and Xiaobo Tan1,2

Abstract— Microfluidic devices control fluids on the
micrometer-scale and are commonly used for lab-on-chip appli-
cations, such as sensors, micropumps and biological analyzers.
Commonly reported fabrication methods for achieving flexi-
ble microfluidic structures are labor-intensive, require many
cumbersome steps, and have limited options for materials.
This paper presents a rapid-manufacturing technique using
a PolyJet 3D-printer for creating soft microfluidic substrates
embedded with liquid metals to fabricate stretchable conductors
and pressure sensors. By using this novel method, several spiral-
shaped soft pressure sensors with multimaterial-based sub-
strates are 3D-printed simultaneously in less than six minutes.
Microfluidic channels with cross-sections ranging from 150 ×
150 to 350 × 350 micrometers are successfully achieved in a
soft substrate. This 3D-printing method allows fabrication of
complex, enclosed channels without any photocurable support
material, thus minimizing post-processing time. Simulation and
experiments are conducted to characterize the quasi-static
and dynamic properties of the fabricated pressure sensor. In
particular, experimental results show that these 3D-printed mi-
crofluidic pressure sensors are robust, capable of withstanding
high pressures up to 1 MPa.

I. INTRODUCTION

Microfluidics systems process or manipulate small
amounts of fluids, using channels with dimensions of tens to
hundreds of micrometers [1]. Several microfluidic structures
have been applied extensively in many sensing applications,
such as force detection [2][3], strain gauges [4][5], flow rate
measurement [6], and noninvasive health analysis [7][8][9].
In the area of soft robotics, a variety of sensing modalities
can be embedded in soft robotic structures and actuation
mechanisms to provide feedback [10][11][12][13]. The most
common methods for sensor measurement in soft robotics
are resistive and capacitive technologies [14]. These sensors
are often fabricated using nanoscale conductive materials de-
posited over a flexible substrate such as polydimethylsiloxane
(PDMS) [15][16].

The deformability and mobility of liquid metals (LMs)
brings significant potential for soft robots and machines [17].
LM alloys, such as EGaIn (75.5 wt% gallium and 24.5 wt%
indium) [18] and Galinstan (68.5 wt% gallium, 21.5 wt%
indium, and 10 wt% tin) [19], have been explored for soft
sensors due to their low melting point, excellent liquidity,
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high electrical conductivity, good thermal conductivity, low
vapor pressure, and low toxicity in comparison to mercury.
Some examples of LM-infused microfluidic sensors include
wearable soft sensors for human gait measurement [20][21],
soft gloves for hand motion detection [22], soft tactile
sensors for force feedback in micromanipulation [23], and
soft pneumatic actuators with embedded microfluidic sensing
[24][25][26]. Patterning of liquid metals in 2D and 3D also
allows the creation of metallic microstructures, stretchable
conductors, and sacrificial templates for microfluidic chan-
nels [27][28][29].

Traditionally, microchannel structures for sensing devices
are fabricated using labor-intensive and cumbersome meth-
ods. The literature in its majority has reported microchannel-
based sensors by following fabrication techniques such as
laser micromachining to create molds [30], vapor deposition
of hydrophobic monolayers for easy demolding [31], spin
coating of PDMS to create thin elastomer films [32], cross-
linking of silicones through oven-curing [33], and oxygen
plasma treatment to construct the microchannel cavities
[34]. A liquid metal-based soft artificial skin was created
using silicone casting over a 3D-printed mold [35]. Aside
from many additional fabrication steps, the silicone curing
process alone can take hours. Curvature sensors with mi-
crochannels filled with EGaIn have been produced using a
combination of photolithography and replica molding [36].
However, the entire fabrication process including vapor de-
position, silicone cross-linking, oxygen plasma treatment,
and elastomer film bonding, is approximately four hours
long. PDMS microchannel tiles in devices tailored to laser
axotomy and long-term microelectrode arrays (MEA) can
take more than two days for fabrication when using soft
lithography procedures [37]. 3D-printing technology has also
been explored to rapidly prototype microchannel structures,
accelerating the research and development of microfluidic
sensors and devices [38][39]. However, 3D-printing process
over soft substrates remains a challenge. For instance, some
rapid manufacturing techniques, such as using polyethylene
glycol (PEG) as a sacrificial layer through ink-jet printing,
requires a 10-hour long curing process of the PDMS-based
substrate [40]. Modified photocurable materials have also
been explored for 3D-printing of soft pressure sensors, but
a custom-built printing system is required to develop these
devices [41]. These previously reported methods present
some disadvantages and challenges, such as time-consuming
procedures, limited materials selection, difficulty in removing
the sacrificial layer, and poor repeatability in fabrication.

In this paper we present a novel easy and quick technique
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for fabricating flexible microchannels and subsequently, fill-
ing these channels with LMs to create stretchable conductors
and soft pressure sensors. 3D-printed flexible substrates
with microchannel structures are achieved by embedding
a mixture of glycerol and isopropanol (IPA) as sacrificial
support. This new rapid prototyping approach allows con-
venient manufacturing of multiple replicates within minutes.
Microchannel substrates with different shapes (straight lines
and spirals) and sizes are explored, and the lowest functional
dimensions for straight microfluidic channels are determined
to be 150 µm× 150 µm in cross-section. Spiral-shaped
microchannels, with cross section of 350 µm × 350 µm,
are further used to demonstrate stretchable pressure sensors,
by manually injecting EGaIn after removal of the liquid
support material. Experiments and simulation are conducted
to characterize and understand quasi-static and dynamic
responses of the sensor; in particular, experimental results
show that the pressure sensors can withstand pressures up to
1 MPa.

The rest of the paper is organized as follows. In Section
II, we describe the procedures for designing and fabricating
3D-printed microfluidic channels, conductors, and sensors. In
Section III, simulation is conducted to estimate the average
strain of the pressure sensor under a range of pressures
relevant to experimental characterization. Experimental setup
and characterization results for the pressure sensor are pre-
sented in Section IV. Additional discussion on the methods
and results are provided in Section V. Finally, concluding
remarks and future research directions are presented in
Section VI.

II. DESIGN AND FABRICATION
A. Microchannel 3D-Printing

The proposed method for fabricating microfluidic struc-
tures for stretchable conductors and pressure-sensing devices
was inspired by the technique presented in [42], which
investigated 3D-printing of enclosed microfluidic channels
in rigid materials without photocurable support. The latter
method utilizes a viscous liquid support instead, requiring
minimal to no postprocessing to form sealed channels. In this
work, we seek to extend this approach to soft substrates in
order to achieve stretchable 3D-printable microchannel-based
conductors and sensors. A PolyJet-based 3D-printer (J750,
Stratasys) and a UV-cured resin with post-cured rubber-
like properties (Agilus30, Stratasys) were used to create
the microchannel cavities. This fabrication process followed
a three-step procedure: 3D-printing the bottom substrate
containing open microchannel cavities, filling the microchan-
nel cavities with liquid support material, 3D-printing a top
substrate layer directly onto the bottom substrate to close
the microchannels. These steps can be repeated several
times depending on the number of microchannel or substrate
layers.

Traditionally, 3D-printing of devices with enclosed hollow
channels requires initially printing the channel so that it is
filled with a sacrificial photocurable support material. This
material is then manually removed in post-processing, a

procedure that can take hours to days; for small channels with
complex geometries (e.g. spirals or serpentines), this process
is not even possible. The method presented here allows
fabrication of channels without any photocurable support
material. The 3D geometry design for the microfluidic soft
substrate was separated into two parts: a bottom layer with
the microchannel cavities, and a top flat layer with holes at
each end of the microchannel for removing the liquid support
material. First, the soft substrate bottom layer was 3D-printed
over a transparency film (Premium Transparency, Xerox) to
facilitate the final substrate removal from the 3D-printer bed.
Next, once the bottom layer printing process was finalized,
a liquid sacrificial layer, composed of glycerol (Glycerol
99.5%, Sigma-Aldrich) and isopropanol (2-Propanol 99.5%,
Sigma-Aldrich) mixture (70:30 v:v), was manually dispersed
over the microchannel cavities using an 1 ml plastic syringe.
A small flexible spatula was used to distribute the mixture
evenly throughout the exposed microchannels and remove
any excessive glycerol-isopropanol solution. If removed
properly, any remaining solution on the surface has negligible
effects on the robustness of bonding between the channel
layer and the top layer to be printed next [42], likely due
to its mixing with the dispersed Agilus30/VeroClear during
printing. In addition, during the liquid dispersion phase, the
top layer printing process was already initialized, with the
3D-printer head performing automatic calibration outside the
print bed for 30 seconds. This is an important process to
avoid beading of the liquid support material between the
layers, which could lead to clogging or irregular cavities. The
entire printing process, including manual liquid dispersion,
took approximately 6 minutes. This method was tested for
fabricating up to 6 sensor substrates simultaneously.

As an initial investigation, we first created a 3D CAD
model of a substrate with 2 mm overall thickness and multi-
ple straight microchannels (SolidWorks, Dassault Systemes)
to determine the minimum cavity cross-section height and
width for 3D-printing microchannels into a soft material. We
selected several dimensions based on reported results from
literature regarding liquid conductor-based sensors [43][44].
The width of the straight microchannels had a range from
300 µm down to 100 µm, and a height range from 200
µm down to 100 µm. As shown in Figure 1, the smallest
achievable microchannel had 150 µm × 150 µm cross-
section.

B. Pressure Sensor Design

A microfluidic pressure sensor was developed by creating
spiral-shaped microchannels within a soft substrate. This
makes the sensor suitable for pressure detection, since it
will not respond to uniaxial stretches within the plane due to
counter-balanced electrical resistance change in perpendicu-
lar directions [33]. Although it was found that the minimal
microchannel size for the fabrication technique in this work
was 150 µm × 150 µm, this dimension presented challenges
in the removal of the glycerol/IPA mixture from the inner
cavities when designed as a spiral. We identified that a
microchannel cross-section of 350 µm × 350 µm or larger
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Fig. 1. 3D-printed straight microchannels over a soft substrate (Agilus30)
with 2 mm overall thickness. The minimum microchannel cross-section size
identified was of 150 µm × 150 µm (height/width).

would be suitable for the sensor design (Figure 2).
The pressure sensor was designed with a substrate of

dimensions 30 mm × 25 mm × 1.5 mm, with the spiral mi-
crochannel centered at the middle. The microchannel design
was comprised of a 3-turn spiral (inwards and outwards) with
1.3 mm spacing between channels and a total sensor active
area of 20 mm in diameter. A mix ratio between Agilus30
and VeroClear materials was selected in order to balance the
sensor compliance (70A durometer). The bottom layer and
the cavity structure combined had a total height of 925 µm,
and the upper layer had a thickness of 575 µm. The complete
fabrication process is explained in Figure 3.

Fig. 2. 3D-printed microfluidic spiral-shaped soft pressure sensor with
embedded liquid metal (EGaIn).

C. Liquid Metal Embedding and Encapsulation

The liquid metal used in this work was EGaIn, which
had a high electrical conductivity (σ = 3.4 × 106S m−1), a
resistivity of ρ = 29.4×10−8 Ω m−1, and low toxicity [45].
After completion of the 3D-printing process for the substrate,

Fig. 3. Design and fabrication steps of the 3D-printed pressure sensor
embedded with LM. (a) The sensor components: a bottom layer made of
pure Agilus30, a top layer made of Agilus30 and VeroClear mixture (70A
Shore Hardness), a microchannel structure for filling with liquid metal
(EGaIn), and two end terminals encapsulated with conductive epoxy; the
fabrication steps were: (b) simultaneous 3D-printing of multiple pressure
sensors starting by the bottom layer with microchannel cavities of cross-
section size 350 × 350 µm, (c) manual dispersion of the glycerol-IPA
mixture, (d) 3D-printing of the top layer with outlets at each end, (e)
vacuum-based removal of liquid sacrificial layer, (f) manual injection of
EGaIn, and (g) encapsulation of both terminals and soldering of copper
stranded wires with conductive epoxy.

a small tubing connected to a vacuum pump was inserted
into one of the microchannel ports to extract the glycerol
mixture. The removal process only took approximately 3 to
5 seconds for each device. Once all the liquid support was
removed, a 1 mL syringe with 22 gauge needle (0.70 mm)
was used to inject the liquid-phase alloy (EGaIn, Sigma-
Aldrich), composed of ≥99.9% trace metal basis, inside the
microchannel cavities (Figure 3f).

Uncured Agilus30 was initially used to encapsulate the
open microchannel ports which were connected to thin
copper wires. However, as reported in previous works [36],
movement of the wires interfacing the LM in the microchan-
nels caused measurement issues. Therefore, we explored an
alternative method by sealing the microchannel ports with
conductive epoxy (8331 Silver Conductive Epoxy Adhesive,
MG Chemicals), and then gluing thick braided copper wires
to each electrode with the same adhesive. To expedite the
manufacturing procedure, a hot plate was used to speed up
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the adhesive curing process to 10 minutes at 70◦C. This
allowed a robust bonding between soft and hard conductive
materials.

III. SIMULATION OF SENSOR UNDER PRESSURE

Finite elements analysis (FEA) of the 3D-printed soft
pressure sensor device was carried out using a multiphysics
software (Abaqus/CAE, Dassault Systemes). The simulation
was conducted to understand the range of compressive strains
experienced by the sensor, which will be instrumental in
deriving the gauge factor of the sensor when the latter
is viewed as a strain sensor (in the normal direction). A
simple geometry representing the sensor substrate was cre-
ated following the same physical dimensions. In this study,
to facilitate computation, we considered the microchannel
cavities and the liquid metal as solid but soft materials with
similar properties as the substrate. The material property was
set as Agilus30 using the Odgen hyperelastic model, with
strain energy function

Ψ =

N∑
i=1

µi
αi

(λαi
1 + λαi

2 + λαi
3 − 3) (1)

where µ is the shear modulus

µ =
1

2

N∑
i=1

µiαi (2)

We used the simulation parameters µ1 = 0.2127 MPa, α1

= 1.3212, µ2 = 0.0375 MPa, α2 = 4.318, µ3 = 0.001, α3 =
1.0248, as determined in [46]. A pressure input of up to 1
MPa with increments of 0.1 MPa per step was applied. A
fixed boundary condition was set on the bottom surface of
the sensor to prevent planar rotation and displacement. The
pressure was applied via the top surface, over an area defined
by a circle with a diameter of 16 mm centered at the sensor
active area, which replicates the experimental setup.

Figure 4 shows the obtained contour plots for von-Mises
stress, displacement and logarithmic strain along the load
axis. The average strain was computed among all nodes
inside the applied pressure region (Figure 5). Simulated strain
results were able to predict the deformation of the pressure
sensor made of viscoelastic material, with an average strain
of ≈11% for a maximum applied pressure of 1 MPa.

IV. EXPERIMENTAL SETUP AND RESULTS

A. Experimental Setup

A testing rig was built for conditioning and characterizing
the microfluidic pressure sensors. We used a pneumatic cylin-
der (1.06DPSR02.0, Parker Hannifin) with a bore diameter
of 1.0625 inches (≈27 mm) and rod diameter of 0.3125
inches (≈8 mm) and mounted to a rigid frame in a vertical
position. A custom-built metallic force concentrator (6061
Aluminum) of 16 mm in diameter (64% of sensor active
area) was threaded to its rod end in order to distribute the
applied pressure over the sensor top surface. The sensor was
bonded to a flat surface under the air cylinder rod end (Figure

Fig. 4. Contour plots of the simulated soft pressure sensor for an
applied pressure of 1 MPa. (a) Substrate geometry meshed with hexahedral
elements of type C3D20RH; (b) cut-view of the von Mises stress; (c) spatial
displacement at z-direction; (d) logarithmic strain at z-direction.

Fig. 5. Pressure versus strain (in the normal direction) plot obtained from
the FEA simulation results. The strain values correspond to the average
strain among all nodes inside the applied load region (172 nodes).

6). A miniaturized pneumatic controller board was used to
control the pressure of a compressed air pipeline source.
The source maximum pressure was set to 80 psi with a
pneumatic filter regulator. The air pressure at the pneumatic
cylinder was controlled by a solenoid valve (VQ110U-6M,
SMC USA) connected to a MOSFET switch, which was
modulated via a programmable microcontroller (Arduino
Mega 2560, Arduino) using a PID controller for pressure
setpoint tracking. Sensor measurements were collected using
a voltage divider circuit (Rref = 47Ω) and connected
to the same programming board using its analog-to-digital
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converter pins with the default internal voltage of 5 V
(Figure 7). Two insulated copper test leads with alligator
clips were used to connect the pressure sensor terminals
to the voltage divider circuit. All sensor data was recorded
via serial communication using a Python script running
on a workstation computer during both conditioning and
characterization procedures. The total pressure at the sensor
top surface, Psurf , was determined by

Psurf =
Pgauge ×Abore

Apuck
=

Frod
2.01 × 10−4m2

(3)

where Pgauge is the total pressure inside the air cylinder,
Abore is the bore area, Apuck is the area of the force
concentrator, and Frod is the force generated at the rod.

Fig. 6. Test rig for measuring and characterizing the 3D-printed pressure
sensors, with a vertically mounted fluidic cylinder with custom-built force
concentrator (16 mm diameter) controlled by a pneumatic power source.

B. Step Response

The relative change in electrical resistance of the 3D-
printed microchannel filled with liquid conductor, ∆R/R,
was recorded as a function of the generated pressure at
the force concentrator, Psurf . The sensor response was first
evaluated by applying a step signal of 30 psi at the gauge
(Psurf = 0.6 MPa). The obtained experimental result shows
that the sensor can quickly respond to the pressure input, but
then takes about 500 seconds to reach the steady-state, with
∆R/R ≈ 7.2 as shown in Figure 8. This observed creep can

Fig. 7. An electrical schematic of the voltage divider circuit for collecting
pressure sensor measurements.

be partly explained by the viscoelasticity of the 3D-printed
resin material as discussed in [47].

Fig. 8. Step response collected from the pressure sensor for a constant
input of 0.6 MPa. The top graph shows the input pressure and the bottom
graph shows the measured relative change in resistance.

Further computational study was performed to identify a
model with these intrinsic characteristics. The sensor data
obtained during the step response experiment was imported
in a software (MATLAB, Mathworks) to estimate a transfer
function model. Equation (4) shows the estimated transfer
function model from the time-domain data with a fit to
estimated data of 93.23% and represented as a second order
system with two poles (−0.4382 and −0.0134) and one zero
(−0.0505):
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G(s) =
∆R/R

Psurf
=

1.406s+ 0.07097

s2 + 0.4516s+ 0.005858
(4)

In Figure 9, we can observe a good match between the
experimental data and the model-predicted step response.
The two poles of the system (4) suggest two disparate modes,
with time constants of 9.1 s and 298.5 s, respectively.

Although the electrical characteristics of the sensor have
not been investigated during the simulation analysis in Sec-
tion III, the resistance of the sensor output was collected
at different pressure values for further correlational study
between simulation and experimental results. In order to
measure the sensor resistance close to steady-state regime at
multiple pressures, a staircase pressure signal with increment
size of 0.1 MPa and duration of 2000 seconds per step was
applied to the control board. An average value for the relative
change in resistance at each pressure step was computed for
a range of 100 points along the steady-state regime (Figure
10). By combining the simulation results from Figure 5 with
the experimental results from Figure 10, we can derive the
correlation between the pressure sensor average strain inside
the load region and the observed relative change in resistance
for a given applied pressure value (Figure 11). One can
observe that the sensitivity of the device increases with the
applied pressure. For example, from Figure 11, the gauge
factor of the sensor, evaluated as the slope of the plot, is
around 1000 when the strain is over 0.08.

Fig. 9. Comparison of a step response for both the experimental data and
the obtained transfer function through model fitting.

C. Sinusoidal Responses

To further analyze the dynamic response of the sensor,
sinusoidal pressure stimuli were generated with frequencies
fs = 0.1 Hz, 0.25 Hz, 0.5 Hz and 1 Hz, bias of 30 psi

Fig. 10. The relative change in resistance versus the pressure input for
a staircase input signal. The average value of ∆R/R was computed for
a range of 100 points along the steady-state regime, with a pressure input
from 0 to 1 MPa, increment size of 0.1 MPa, and duration of 2000 seconds
per step.

Fig. 11. The correlation between the computed average strain from FEA
simulation at the sensor active area and the relative change in resistance
measured from the physical pressure sensor device.

and amplitude of 20 psi at the gauge (0.2 MPa < Psurf
< 0.977 MPa). Note that the choice of the pressure input
(in particular the bias value for the cyclic input) allows the
sensor to stay away from the low-response regime (below
0.2 MPa; see Figure 10), so that we can better examine
the consistency and behavior under the cyclic input. Figure

6



12 shows the relative change in resistance when this cyclic
signal was applied for a period of 2000 seconds at each
frequency value. A mean curve shows the average values of
∆R/R computed at each respective Ts cycle. A close view
of each measurement is shown in Figure 13. The particular
creep phenomenon is still observed under the cyclic inputs,
and the time it takes the mean curve to reach the steady
state is comparable to the case of a quasi-static input (Figure
8). The sensor output versus pressure graphs on Figure 14
were generated by capturing the relative change in resistance
after the sensor has reached its steady-state regime (> 1000
seconds). From these results, it can be seen that the sensor
behavior is largely repeatable under cyclic inputs. In addition,
the dynamic behavior shows dependence on the stimulus
frequency. As the frequency increases, the mean range of
the sensor output tends to align. It is also interesting to
note that the loops in the resistance-change versus pressure
graphs become narrower as the frequency increases. The
latter can be considered a rate-dependent hysteresis behavior
[48]. Hysteresis itself is characterized by a non-trivial loop
in the steady-state output vs. input graph of the system when
the input is varied periodically and quasi-statically [49]. In
reality the shape of the output vs. input loop often varies with
the input frequency [48][50] due to the coupling of hysteresis
effect with other dynamics in the system. In the case of
our sensor, we conjecture that both the viscoelasticity of the
3D-printed substrate and the dynamic interaction between
the liquid metal and the micro-channels contribute to the
observed rate-dependent hysteresis, which will be examined
in our future work.

V. DISCUSSIONS

Dispersion of the liquid sacrificial material is still a
challenging process in the fabrication technique presented
here, since accidental formation of beads can cause clogging
or irregular structure design of the microfluidic channels.
Moreover, the manual removal of the liquid support material
through suction with a vacuum pump, and the manual injec-
tion of liquid metal using syringes have varied fabrication
time due to non-uniform tool manipulation and material
handling. A way to improve our fabrication method would be
to make these procedures automated by the same 3D-printing
mechanism.

The intrinsic viscoelasticy of the rubber-like photocurable
material has shown some impact on the soft pressure sensor
response time, taking several hundred seconds for the sensor
to reach a steady-state regime. Additional investigations on
substrates made of different mixing ratios between soft and
rigid 3D-printable photopolymers and overall thicknesses
are required in order to analyze their impact on the sensor
performance.

Encapsulation of the pressure sensor inlets was performed
by using silver epoxy as an interface between the liquid
conductor and copper stranded wires. Other methods have
been tested initially such as deposition of uncured Agilus30
on the sensor terminals with thin copper wires attached
at each end, and curing process using UV-light flashlight.

Fig. 12. Full cycle of each sinusoidal input with its respective frequency.
The dashed lines show the mean curve of the continuous measurements.

Fig. 13. Sinusoidal response for multiple input frequencies (frame view
of 20 seconds). Each measurement was collected for >2000 seconds at 0.1
Hz, 0.25 Hz, 0.5 Hz, and 1 Hz, with a pressure range of 0.2 MPa to 0.977
MPa.

However, poor quality deposition or curing caused leakage
of the liquid metal when subjecting the sensor to very
high pressure values. 3D-printing of an encapsulation layer
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Fig. 14. Sensor output-input graphs under pressure inputs of different
frequencies.

was also tested, but the attached thin wires and the liquid
metal exposed surface made it a challenging process due
to blockage or undesired contamination of the printer head.
While the selected silver epoxy showed great adhesion and
encapsulation properties, further study is needed to analyze
its effect on the sensor characteristics. Also, the surface oxide
skin on a liquid metal can affect the effective surface tension
and viscosity (non-spherical droplets formation), which can
reduce its contact with other materials and potentially impact
its electrical properties.

Simulation results of the pressure sensor have shown that
consistent FEM results can be obtained when certain rules
are followed, like using hexahedral elements to improve
convergence and enhance accuracy of the computed strain
fields. Similar deformations were observed in both simulation
and experiments during cyclic input pressure, including a
bulging effect around the circular deformed region due to the
intrinsic hyperelastic characteristics of the 3D-printed mate-
rial. However, since the FEM simulation in this work did not
include the microchannel cavities and liquid metal material,
further investigation is required to completely analyze their
impact on the computed average strain value.

VI. CONCLUSIONS

This work presented a novel method for achieving 3D-
printed stretchable pressure sensors and conductors using
liquid metal as a circuit component. A PolyJet 3D-printer
was used to create a microchannel structure inside the soft
substrate in combination with a viscous liquid mixture for
sacrificial layer. Functional straight-shaped microchannels
were fabricated with sizes down to 150 × 150 micrometers
of cross-section area. A spiral shaped pressure sensor was
designed with 350 × 350 µm microchannel cross-section

and manually injected with liquid metal using a syringe.
Experimental results showed that the multimaterial-based
sensor with mixture of Agilus30 and VeroClear (70A Shore
Hardness) and overall thickness of 1.5 mm was able to
withstand high pressures up to 1 MPa. This made the pres-
sure sensor suitable for applications that require resistance
to very high deformations such as in modern electronics for
several fields and industry, including wearable or implantable
devices, military and soft robotics.

While major challenges still exist, such 3D-printed devices
with material properties allowing large-strain deformations
can provide a new generation of sensors and conductors
achieved with rapid manufacturing technologies for fast
delivery to the market. Future work will include the analysis
of multiple microchannel cross-section sizes and substrate
overall thickness to further investigate how these param-
eters can affect the sensor performance. Furthermore, we
will develop an improved model that can capture the vis-
coelasticity characteristics of the 3D-printed material and
the microfluidic flow of the embedded liquid metal, which
will be instrumental in design and optimization of the
dynamic behavior of the sensor. In particular, we plan to
use microscopic imaging to observe the movement of liquid
metal (including its possible infiltration into the substrate)
and understand its dynamics in interacting with the substrate
during variation of the applied pressure.
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