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Abstract. This work presents preliminary results of the ϕ -shaped sensor mounted on support designed by
additive manufacturing (AM). This sensor is proposed and experimentally demonstrated to measure the radial
variation of cylindrical structures. The sensor presents an easy fabrication. The support was developed to work
using the principle of leverage. The sensing head is curled between two points so that the dimension associated
with the macro bend is changed when there is a radial variation. The results indicate that the proposed sensor
structure can monitor radial variation in applications such as pipelines and trees.

1 Introduction

Compared to traditional methods of monitoring diame-
ter variation, fiber-based sensors have several advantages:
high sensitivity, immunity to electromagnetic interference,
compact size and low weight, multiplexed measurement
possibility, fast response, and ability to communicate over
long distances [1, 2]. On the other hand, there is an in-
creasing demand for developing sensors and instrumenta-
tion to reduce costs, optimize processes, and increase pro-
duction through technological advances in Industry 4.0. In
this scope additive manufacturing(AM), or 3D printing, is
gaining applicability in industries and is used to manufac-
ture structures using digital models [3].

The search for sensors with the above mentioned char-
acteristics has been the research object in several works.
Among them, we can mention Sienkiewicz et al[1] that
uses a sensor based on an optical fiber in ϕ-shape for dis-
placement measurement over large ranges associated with
optical power loss as a function of the macro bend. The
sensor has an extremely simple design. This same config-
uration was used years later in respiratory monitoring [2].

This work presents preliminary results where we in-
vestigate a designed setup for radial variation monitoring
using a simple sensor based on ϕ-shaped with 3D printer
support. It was possible to analyze the radial variation of
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cylindrical structures, typical of some kind of trees and
pipelines.

2 Sensor Operation and Preliminary
Experimental Setup

The proposed sensor is formed by a piece of a singlemode
fiber (SMF-28, Corning Inc.) in ϕ-shaped, as depicted in
Fig. 1. When submitted to strain or displacement, this de-
vice acts as an intensity optical fiber sensor. The fiber is
glued to the support at two points, one on each side of the
loops [1]. Due to it, the radius of curvature of the sensor
loops changes when subjected to an extension. This results
in the stretching of the sensor loops and optical power loss
in this setup. Contrariwise, a compressive strain would
shorten the loops and increase intensity at the detector.
These deformations take place in the plane of the loops. It
is a simple optical sensor. These deformations take place
in the plane of the loops. It is a simple optical sensor.

This structure was evaluated to use the lever principle,
observed in several examples of everyday life as in pliers
and scissors. The material used is Polyethylene Terephtha-
late Glycol (PET-G). This is a thermoplastic copolyester
material, highly resistant and durable, chemical resistant,
which is used commercially in desktop 3D printers [4]. It
is an excellent material for various applications. Its use
was intensified in 2020 in face shields production for the
pandemic crisis caused by the SARS-CoV-2 virus, respon-
sible for Covid-19 [5]. PET-G is a tough material, between
2.01 GPa and 2.11 GPa for Young’s modulus and between
60 and 66 MPa for tensile strength [6, 7]. These char-
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Figure 1. Schematic of the proposed sensor.
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Figure 2. Schematic of the experimental piece.
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Figure 3. Gain intensity caused by the diameter variation.

acteristics make it an excellent material for the proposed
application.

The schematic of the experimental piece is illustrated
in Fig. 2. The support diameter is 90 mm, and it can be
placed around the plant specimen or pipeline. The struc-

ture expands from the radial growth, changing a macro
bend in the sensor, thus producing a variation in the optical
power. The advantage of this design is the gap between the
sensor head and the cylindrical structure because the sen-
sor is free from possible transverse deformations. A spring
was placed in the piece to be adjusted along with the radial
variation.

3 Results and discussion

The preliminary results obtained from the experiments are
depicted in Fig. 3. It is possible to observe that the results
presented good behavior using the ϕ-shaped sensor when
increasing the radius piece. This sensor allows greater
control of the optical power for the dynamic range from
0 to 6 mm with a gain of the ≈ 11.8 dB. For this setup, the
sensor has given good responses with R2= 0.9708, and the
sensitivity obtained was 1E-6 mW/mm.

4 Conclusion

In conclusion, we presented an experimental investigation
to measure the cylindrical structures’ radial variation using
a ϕ-shaped sensor mounted on a 3D printer piece designed
to support it. The setup is very simple and repeatable. The
results showed that it is possible with the designed sen-
sor to monitor the radial variation from 0 to 6 mm with
good sensitivity and R2=0.9708. This dynamic range can
be used in many applications, such as obtaining the irri-
gation levels in agriculture by measuring variation of the
stem of trees. The next step in this investigation will be to
perform measurements using other kinds of optical sensors
and optimized 3D printer structures.
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