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Abstract 

A high-performance fiber Bragg grating-based (FBG) sensor device has been developed for the detection of small magnetic 
fields. Based on a smart multilayer jacket around the fibre over the physical length of the FBG, magnetic fields generated by 
rotating machine parts, power generators or power cable can be easily detected, analysed and evaluated. Consequently, this 
innovative, on-line and non-contact inspection method results in  an increase in quality and reliability of high-performing 
machine parts, devices and cables. The basic physical principle is based on a magnetostrictive multilayer system that strains the 
high-resolution FBG element in presence of magnetic fields. Subsequently, a fixed relationship between induced magnetic field 
and wavelength change of the FBG element describes the characteristic sensitivity curve. Intensive tests regarding 
characterisation of this magnetic field FBG sensor have been carried out and its performance has been evaluated. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the 30th Eurosensors Conference. 
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1. Introduction 

Magnetic field sensors find their use in a multitude of applications, such as compasses, medical devices, current 
and position sensing, motor diagnostics as well as in geophysics and astronomy. 

Optical fibers as the basic element in magnetic field sensors combine the fiber’s advantages of light weight, 
compact size and immunity to electromagnetic fields with the ability to detect perturbations or changes in the 
magnetic field related to direction, presence, rotation or angle properties without any physical contact. Besides the 
Faraday Effect and Lorentz force [1, 2], magnetostrictive materials are used in the design of magnetic field sensors. 
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The magnetostrictive material strains or stresses the optical fiber to which it is attached by the induced magnetic 
field. In literature, many sensor devices have been presented which use giant magnetostrictive materials such as 
Terfenol-D or Galfenol [3]. Although Terfenol-D or Galfenol generate a huge deformation of the fiber by their giant 
magnetostrictive force, these materials have the drawback that they are attached to the fiber as a big and bulky 
material piece. The invention of a fiber optic magnetic field sensor that does not neglect the fiber advantages of 
lightweight and small design bears a challenge for itself. In order to face this challenge for the development of an 
industrial useful sensor design, a fiber Bragg grating element was coated with a magnetostrictive multilayer system 
in an electroplating process. This production process enables the design of very thin and stable magentostrictive 
jacket layers upon the Bragg grating which results in outstanding sensor properties. 

 

2.  The sensor design 

The basic magnetic field sensor element is a fiber Bragg grating (FBG). The grating is a periodic variation in the 
index of refraction of an optical fiber, which selectively filters one specific wavelength, the Bragg wavelength , in 
the reflected spectrum. The relationship between the effective index of refraction , and the Bragg wavelength is 
given as 

   (1) 

with  as the grating spacing.  
Strain on the fiber affects the Bragg wavelength according to the following relationship 

   (2) 

with  and  as the two components of the elasto-optic matrix and  as the Poisson’s ratio. Typical values for 
these parameters in germanium doped standard telecommunication fibers are  and  
[4]. The strain  generated by the magnetostrictive jacket due to a magnetic field H is then directly converted to a 
Bragg wavelength shift without any disturbances that arise from optical power changes. 

The basic strain sensitive FBG element was surrounded by a magnetostrictive iron-nickel jacket (Fe-Ni) in a low-
cost electrochemical deposition (ECD) process. Based on the fundamental work of Schulze et al. [5], a Fe-Ni alloy 
with an iron concentration of 50 % was chosen. This alloy-jacket design allows the sensor to operate over a small 
magnetic induction range as well as to operate as an on/off-magnetic field detection sensor in the saturation range. 
In addition, the ECD process is an easy-to-manufacture way for Fe-Ni, which generates a homogenous 
magnetostrictive jacket and degradation-free bonding to the optical fibre in the area of the FBG element, as shown 
in Fig. 1. The total magnetostrictive coated area is 22 mm long, the strain sensitive FBG has an elongation of 10 mm 
with an overall sensor diameter of 185 µm. Compared to standard acrylate coated FBG strain sensors of a diameter 
of 250 µm, this magnetic field sensor is considerably smaller and therefore maintains its clear benefit of embedment 
without disturbing the original system design. 
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Fig. 1: The FBG based magnetic field sensor. 

3. Principle of magnetic field sensing 

A magnetic field has been generated by an electromagnetic coil. The coil was located 15 mm away from the 
magnetostrictive FBG sensor. The magnetostrictive FBG sensor was fixed onto a glass-fiber reinforced composite 
(gfrp) test specimen in order to prevent it from uncontrolled deformation. With a current of 3 mA, a magnetic field 
of 6 mT at a distance of 15 mm was generated by the coil. At this point, the magnetostrictive FBG sensor reaches its 
saturation range. The distribution of the generated magnetic field is shown in Fig. 2. Any magnetic field change up 
to this saturation point can be easily detected in the order of 0.75 mT, or 1 pm in the wavelength range. So far, the 
magnetic induction resolution is limited by the resolution of the Bragg grating interrogator. The magnetic field 
sensitivity curve of the sensor is shown in Fig. 3. 

 

 

Fig. 2: Magnetic field distribution of the coil . 
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Fig. 3: Sensitivity curve of the magnetostrictive FBG sensor when a current is applied to the coil with 442 windings and 20 mm length. 

4. Experiments 

4.1. Temperature 

In order to analyze and understand the magnetic field sensor’s characteristics, a temperature calibration in the 
range of -20 °C to 80 °C was carried out in the first place. The temperature sensitivity curve is shown in Fig. 4. 
Obviously, with 16 pm/K, the magnetostrictive coated FBG sensor has a bigger sensitivity to temperature than 
standard FBG sensors. The temperature sensitivity of standard FBG sensors is 9 pm/K.  

 

 

Fig. 4: Temperature sensitivity of standard FBGs in comparison with magnetostrictive FBG sensors coated with Fe-Ni. 

The reason for the difference in temperature sensitivity is based on the metallic Fe-Ni jacket, which contributes to 
the sensitivity curve with the thermal expansion coefficient of Fe-Ni at a Fe-concentration 50 %. In the overall 
temperature range from -20 °C to 80 °C the magnetostrictive FBG sensor shows repeatable linear temperature 
sensitivity. 
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4.2. Strain 

When the magnetostrictive FBG sensor is applied to a structure under load, it can additionally function as a 
standard strain sensor and detect the deformation of the structure. However, deforming mechanically the 
magnetostrictive FBG sensor has an impact on the magnetization sensitivity curve because of the magnetoelastic 
characteristic of Fe-Ni. There is a change in magnetization due to the applied stress (Villari effect). In order to 
evaluate this coupling effect, the sensor attached to a glass-fiber-reinforced-composite (gfrp) tensile test coupon was 
deformed in the elastic range.  

 

 

Fig. 5: Loss in the magnetostrictive-caused strain of the sensor due to applied mechanical load. 

It can be observed in Fig. 5, that the magnetostrictive-caused strain at a constant magnetic field of 6 mT 
decreases polynomial until the specimen and the sensor were stressed to 850 µm/m. At higher load, the magnetic 
fields cannot be detected anymore. Addionally, magnetic field changes can only be detected up to loads of 
200 µm/m without being limited by the necessity of recording reference curves.  

5. Conclusion 

A magnetic field sensor based on FBGs was developed. The temperature range of the sensor is linear between -
20  C and 80  C, additional experiments to expand this range have to be carried out. It was shown that the sensor 
works very well in the mechanically unloaded case. When loaded, reference curves of the magnetic field sensitivity 
have to be recorded because of magnetoelastic coupling effects. Magnetic fields up to 6 mT can be detected with 
high resolution of the FBG.  
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