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Abstract: This paper presents a study of magnetostrictive composites for magnetic field sensing 
with FBG and Terfenol-D. Experimental results show that orientation of magnetic domains with 
permanent magnets promoted an improved linearity of the sensor response. © 2019 The Author(s). 
OCIS codes: 060.2370, 130.6010.

1. Introduction

Terfenol-D (TD) is an alloy of type TbxDy Fe2 that expands when subjected to magnetic fields. Due to its positive 
magnetostrictive effect, this alloy can be used for sensing of magnetic field and current. In 2013, Cremonezi et al.[1]
proposed a solid toroidal core of TD with a fiber Bragg grating (FBG) bonded to it for measurement of a.c. current 
up to 900 Arms. Since TD has a nonlinear response with magnetic field, the authors employed an external ring to 
generate pressure over the TD core in order to get a linear behavior. However, the effect of pressure reduced the 
sensor sensitivity. Furthermore, a solid TD presents several disadvantages such as, high cost and fragility. In 2018, 
Elhajjar et al. [2] performed a series of experiments aiming at to reduce cost, size and nonlinearities presented by 
solid TD. The authors investigated the effects of different sizes of TD-powder composites mixed with several kinds 
of resins. The authors reported that composites with particles sizing range of 200-300 µm had the higher 
magnetostriction using a reduced mass of TD. In the same year, Bieler and Werneck [3] reported a magnetostrictive 
TD composite to detect faults in industrial electric motors. The authors employed an FBG inside the composite, since 
the mechanical deformation is transferred to the FBG shifting its Bragg wavelength ( B).

In this work, we present a comparative study between two FBG-based magnetic field sensors, one using a solid 
rod of TD, and the other using a magnetostrictive composite of TD and resin with oriented magnetic domains, both 
having the same size. We proved that a linear response can be obtained without generating external pressure using 
FBG-based sensors with TD-composites weighing only 12.5% of the rod mass.

2. Experimental Setup

Fig. 1a shows the process employed to fabricate the sensors with TD composites. First, a two-pieces mold was 
fabricated in a 3D printer. The printed mold had a 3 mm x 16 mm cylindrical cavity for the casting of the TD
composites, and two 10 x 10 x 5 mm³ cavities for the permanent magnets employed. We used four types of resins 
and two sizes of TD grains (200-700 200-300 prepare the composites. A stepper motor was employed 
to guarantee a uniform homogeneity of the composites during the curing process of the sensors, which lasted 8 hours.
Two magnets having a magnetic field of 160 mT were employed in order to orient the magnetic domains of the 
composites during the curing process.

The hardness of the resins were also measured using a Shore-D durometer (Hardness Type D-2, USA). X-ray 
diffraction (XRD) was applied with an X-ray tube of Cuk (MiniFlex, Rigaku) to study the structural composition of 
the TD powder prior to preparation of the composites. The response of the sensors ( B shifts) was obtained with a 
Si155 FBG interrogator (Micron Optics, Inc.) by positioning the prototypes near a permanent magnet, previously 
characterized with a 455 DSP Gaussmeter (LakeShore, Inc.), as shown in Fig. 1b. For the sensor using a solid rod of 
TD, an FBG was bonded to the 4 x 16 mm² surface of a 4 x 4 x 16 mm³ rod of TD weighing 1.6 g.

Fig. 1a. Fabricate of the sensors. Fig. 1b. Sensor tests with magnet.



3. Results and Discussion

In this study, we fabricated seven sensors with magnetostrictive composites and their response to magnetic field was 
compared with the bar sensor. The sensors were divided into two groups, as shown in Tables 1 and 2.  Before the
fabrication of the sensors, the hardness of the resins was measured at five different points. The results of the average
hardness values are reported in Table 2, and the results of the TD powder characterization by XRD are shown in 
Fig. 2a. In this characterization, we found a pattern similar to the one reported by Meng et al. [4], in which the plane 
111 is correspondent to the magnetostrictive property of TD. The magnetic domains of the composite sensors were 
oriented during the curing process because it increases the intensity of the plane 111 [4].

The mass of the composite sensors from Group 1 was 0.4 g, which is equivalent to 25% of the bar mass. The 
size of the grains used was between 200-700 µm. When subjected to a magnetic field, sensor S1 did not respond 
immediately, but only after several attempts, which we believe was due to a delay in the process of orientation of the 
magnetic domains. However, since we aim at the development of an optical magnetic field sensor with fast response, 
the results of sensor S1 were discarded. According to Fig. 2b, which shows the results of Group 1, S2 sensor 
presented the highest B. In addition, S3 sensor did not respond to magnetic fields less than 18 mT.

Group 2 of sensors was prepared with a grain size of 200-300 µm, different resins, and 0.2 g of TD powder each, 
using the same parameters of S2 sensor, since it presented the best result. Fig. 2c shows the results of the sensors 
from Group 2, where it can be seen that, by decreasing the mass of TD and the size of the grains used, better levels of
linearity were obtained. We also found that the sensors S4 and S5 presented the best linearity levels. S7 sensor, 
fabricated with resin of low hardness, did not manage to respond to magnetic fields stronger than 120 mT, and it had
a decreased sensitivity.

Fig. 2a. Result of XRD. Fig. 2b. Test with magnetic field Group 1. Fig. 2c. Test with magnetic field Group 2.

4.  Conclusions

In this work we presented an experimental study of optical sensors with several different magnetostrictive 
composites of TD and epoxy resins. We demonstrated that a linear response can be obtained by using 
magnetostrictive composites. This is an important result, since it can be applied to magnetostrictive optical current 
sensors, because external pressure is not needed to achieve linearity, as occurs with solid TD sensors. In addition, the 
composite sensors were fabricated using only 12.5% of the mass used in the solid TD bar sensor, reducing the cost 
and the inherent fragility of solid TD.
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Table 1. Experimental Setup Group 1 Table 2. Experimental Setup Group 2

Sensor Oriented Vacuum Resin Sensor Resin Hardness
S1 Not Not X120 S4 Resin 031, Hardener 042 72,2
S2 Yes Not X120 S5 X120 72,6
S3 Yes Yes X120 S6 Resin 031, Hardener 012 74,2
Bar Not Not Super Bonder S7 Scotch 3M 47,4


















