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Abstract: The aim of the experimental and analytical work was to monitor and analyze the 
strains and deflections of steel cantilevers using a bistable glass-coated microwire, as a 
contactless measurement method. For verification and comparison, the results obtained 
from the applied bistable microwire (Fe75Si9B10P5Tb1), the results of a standard resistance 
strain gauge and dial indicator were used. Since the microwire used, has a metallic 
(magnetic) core, verifying the possibility of separating the influence of the parasitic 
external magnetic field from the measured deformations, was the first goal of the 
implementation of the bending test on steel cantilevers. Another goal was to find a 
relationship between the switching field of the microwire and the strains measured by the 
strain gauge, depending on the applied load during the experimental test. Both goals were 
achieved within this research. 
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1 Introduction 

Experimental tests with the application of resistance strain gauges, dial indicators 
and similar conventional sensors are used for monitoring and recording the stress 
state and strain development in tested structural members, as well as to support the 
results of theoretical and numerical analyzes of such members [1-5]. During 
experimental tests and loading processes, conventional sensors must be 
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permanently connected to computers and evaluation devices using various types 
of data acquisition systems - data buses [6-9]. This fact limits the possibility of 
using strain gauges and dial indicators only for laboratory conditions. The need to 
protect sensing technologies from weather effects have limited their outdoor use 
for monitoring existing structural members and structures. In addition, the 
necessity of permanently connecting the recording devices until the end of the 
measurement process makes it impossible to use these devices simultaneously in 
another experimental investigation. 

Since contactless methods allow monitoring and recording the stress state of the 
investigated members without the need for their permanent connection to 
recording devices, these methods are becoming more convenient and flexible for 
structural engineers and researchers. One of the possibilities of contactless 
measurement is the use of bistable glass-coated microwires [10-12]. Due to their 
magnetic properties, it is possible to perform contactless measurements of strains 
by means of an induction method via a sensing unit. The microwire, as a passive 
part of the system, can be placed at any location; moreover, it can even be 
embedded inside the material of the tested member [13-15]. 

The mentioned disadvantages of standard strain gauges can be avoided by using a 
bistable microwire, as the presented research shows. On the other hand, the 
analyzes presented in this work represent a new concept of contactless strain 
measurement applied to a steel (ferromagnetic) structural member. As stated in the 
paper, this method allows for separation of the influence of parasitic magnetic 
fields that can occur when measuring magnetic materials. 

2 Applied Microwire and Method of Analysis 

In the performed experiment, a glass-coated microwire Fe75Si9B10P5Tb1 with a 
metal core of 10 µm in diameter and a total diameter of 30 µm was used. Figure 1 
shows a typical micrograph of a microwire with a partially removed glass coating. 

 
Figure 1 

Micrographic configuration of a glass-coated microwire 
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2.1 Microwire Response Measurement 

The magnetic response of the bistable glass-coated microwire is given by the 
switching field HSW. The induction method was used to measure this magnetic 
response. A typical square magnetic hysteresis loop and switching field HSW is 
illustrated in Figure 2, where MS is the saturation magnetization and H is the 
magnetic field. 

 
Figure 2 

Magnetic hysteresis loop with switching field HSW 

Monitoring the response of the microwire was realized using a sensing system 
placed above the microwire. The 70x20x20 mm sensing system has two tapes to 
create a gap of about 2 mm between the sensing system and the microwire, as 
shown in Figure 3. The height of the tape depends on the required height of the 
gap and the type of microwire used. So, the distance between the sensing system 
and the microwire can be increased to about 50 mm. 

 
Figure 3 

Illustration of the sensing system 

A pair of coils is integrated in the sensing system. The first of these is the 
excitation coil. This coil generates a magnetic field for the magnetization reversal 
process of the microwire. To achieve the magnetization reversal process, the 
excitation coil was powered by a triangular AC voltage with a frequency of  
100 Hz and 7.44 V amplitude. The second one is the pickup coil, in which the 



L. Galdun et al. Monitoring of Strains and Deflections of Steel Cantilever  
 using a Contactless Measurement Method 

 – 12 – 

magnetization reversal process of the microwire is detected and transformed into 
the sensing signal. Figure 4 presents the above-mentioned magnetization reversal 
process. The yellow lines represent the excitation signal, while the sensing signal 
with two maximum and minimum peaks is blue. t1 and t2 are the time occurrence 
of positive and negative switching between two states of magnetization ± MS (the 
time of the magnetization reversal of the microwire). 

 
Figure 4 

Graphical visualization of the excitation and sensing signal 

2.2 Application of the Induction Method 

As mentioned in the previous chapter, a triangular AC voltage was used to create 
the magnetic field. The obtained switching field HSW is commensurable to the 
stress caused by the applied load, under conditions of constant temperature and 
excitation field frequency [11]: 

S0

S
SW M

A
H

⋅

⋅⋅
=

µ
σλ

 (1) 

where: A is the exchange constant 

 λS   is the saturation magnetostriction 
 σ   is the stress caused by the applied load 
 µ0   is the vacuum permeability 
 MS   is the saturation magnetization 

Because of the positive magnetostriction of the metallic core, the microwire is 
sensitive to the strain ε, transmitted from the applied load and corresponding 
stress. The strain follows Hooke’s law. It follows that the switching field is 
proportional to the relative elongation of the tested member, to which the 
microwire is fixed (glued). The switching field HSW is also proportional to the 
switching time tSW (see Figure 4), which is the magnetization reversal time of the 
microwire: 
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21SW ttt +=  (2) 

Equation 2 is also applicable in the case when an additional parasitic external 
magnetic field is present. The external magnetic field does not influence the width 
of the hysteresis loop (HSW) and, thus, the t´SW (Equation 3). On the other hand, 
the position of the hysteresis loop is shifted depending on the direction of the 
magnetic field, Figure 5 [12]. In other words, when an external magnetic field is 
present, the center of the hysteresis loop (Figure 2) shifts, as shown in Figure 5. 

 
Figure 5 

The shift of the hysteresis loop caused by parasitic external magnetic field 

This phenomenon provides the possibility of identifying the direction and 
amplitude of the external magnetic field. The difference in the switching time t´SW, 
which is proportional to the external magnetic field, can be achieved using 
Equation 3 [12]: 

12SWext ttt́H −=≈  (3) 

According to the presented approach, it can be concluded that it is possible to 
separate the magnetic influence of the environment (parasitic external magnetic 
field) from the required measurements, which is very necessary when testing 
magnetic (steel) material. 

3 Preparation for the Experimental Test 

3.1 Production of Experimental Test Components 

Three specimens made from sheet material of low-carbon steel S 235 were 
fabricated to perform the bending test of the cantilever. The specimens have a 
cross-section of 80x3 mm and a length of 600 mm. A hole was drilled on one side 
of the specimens to fix the pre-prepared loading mechanism. Figure 6 shows the 
steel specimen prepared for the test, including the place of the cantilever fixing, 
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the position of sensing devices and the location of the loading mechanism 
connection (hole). 

 
Figure 6 

Steel specimen prepared for bending test 

A special loading mechanism was designed and produced for experimental tests, 
as shown in Figure 7. This mechanism, made of galvanized steel, consists of two 
parts: 

• Load carrier, designed to ensure the vertical action of the force during the 
cantilever deflection process, thanks to the hinge connection that allows the 
system to rotate. The load carrier weighs about 787 g 

• Weights with dimensions 80x84x5 mm, having holes in the middle.  
The length of approximately 84 mm has been adjusted so that each weight 
had a mass of 250 g (±2 g). The holes allow for easy increase and/or 
decrease of load size. 

 
Figure 7 

Loading mechanism - load carrier and loading weights 

3.2 Preparation of Supporting Materials 

The preparatory works included numerical analysis to estimate the theoretical 
elastic resistance moment of the steel cantilever, strains and deflections.  
A schematic representation of the cantilever with the measurement locations of 
strains (xs), deflections (xf) and the position of the applied force (xf) is in Figure 8. 
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The used steel has nominal values of material properties: fy = 235 MPa (Yield 
stress), fu = 360 MPa (Ultimate stress) and Young's modulus E = 210 000 MPa 
[16] [17]. 

 
Figure 8 

Schematic representation of the cantilever 

According to the above-mentioned material properties and Figure 8, the cross-
sectional elastic resistance moment was determined at the fixed point (x0) and had 
the value: Mel,Rd = 28.20 Nm. This moment was achieved from the applied force 
Fxf,max = 57.43 N. At this load level, the deflection in the position (xw) had a value 
of 57.74 mm. 

To ensure the elastic behavior of the cantilever, the maximum load for the 
experimental test was set to about 70% of the theoretically determined maximum 
load Fxf,max, i.e., Fxf,70 = 40.20 N. According to Fxf,70, a sequence of load steps was 
created and divided into 15 load cases (LC) as shown in table 1. Table 1 also 
contains the calculated values of the applied force, corresponding stress and strain 
for each load case. 

Table 1 
Load cases with relevant forces, stresses and strains 

Load case 
Acting force 

Fxf [N] 
Normal stress 
σx0 [kPa] 

Strain 
εxs [%] 

LC1 = G - 19625 0.006 
LC2 = G + F0 7.87 49138 0.017 
LC3 = G + F0 + F1 10.37 58513 0.020 
LC4 = G + F0 + F2 12.87 67888 0.024 
LC5 = G + F0 + F3 15.37 77263 0.027 
LC6 = G + F0 + F4 17.87 86638 0.031 
LC7 = G + F0 + F5 20.37 96013 0.034 
LC8 = G + F0 + F6 22.87 105388 0.038 
LC9 = G + F0 + F7 25.37 114763 0.041 
LC10 = G + F0 + F8 27.87 124138 0.045 
LC11 = G + F0 + F9 30.37 133513 0.048 
LC12 = G + F0 + F10 32.87 142888 0.052 



L. Galdun et al. Monitoring of Strains and Deflections of Steel Cantilever  
 using a Contactless Measurement Method 

 – 16 – 

LC13 = G + F0 + F11 35.37 152263 0.055 
LC14 = G + F0 + F12 37.87 161638 0.059 
LC15 = G + F0 + F13 40.37 171013 0.062 

Where: G is the dead load of the cantilever, F0 is the weight of the load carrier, Fi 
is the applied force achieved by gradually adding weights in the respective load 
case (i = 1 to 13). 

4 Implementation of the Bending Test 

In the beginning, bistable glass-coated microwire Fe75Si9B10P5Tb1 was fixed on 
the surface of the steel specimen using glue X60 based on methyl-methacrylate. 
Strain gauge FLAB-6-11 was glued, using the same type of glue, close to the 
microwire to obtain comparable results. Moreover, a dial indicator (DI) was added 
to the measurement system, near the free end of the cantilever, to monitor the 
deflections. The layout of the test and the locations of the measuring devices are 
illustrated in Figure 9. 

    
Figure 9 

General view of the test arrangement 

The switching time was obtained by placing the sensing system (SS), connected to 
an oscilloscope, over the microwire (MW) to monitor its response (Figure 3). 
Then the sensing signal was displayed on the oscilloscope (Figure 4) in the shape 
of minimum and maximum peaks. After that, the position of the peaks was 
determined manually, taking into account the time range of the oscilloscope.  
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The strains were measured by connecting the strain gauge to a computer via 
calibrated data-bus MX1615B. A quarter-bridge was used to connect the strain 
gauge (SG) to the data-bus. Catman Easy V5.1.3 software was used for data 
recording and evaluation. 

The strain, deflection and switching time measuring devices were set to zero 
before the load carrier was installed, and this state was considered the first load 
case. As a second load case, after installing the load carrier, a weight of 787 g was 
set, and the changes in strain, deflection and microwire switching time values 
were recorded. Then the load was gradually increased up to 4037 g by 
sequentially adding 13 weights, see table 1, while simultaneously recording the 
changes in strain, deflection and switching time of the microwire step by step. 
After reaching a weight of 4037 g, the test continued with the unloading process 
by sequentially removing the 13 weights, so the load returned to a weight of 787 g 
(load case no. 2). 

The load was applied only within the elastic zone of the used steel, i.e., the 
plasticization and hardening zones with plastic strains were not reached. 

5 Results and Discussion 

The measured output data from the experimental test during the loading and 
unloading process are presented in Figures 10, 11 and 12. The relationship 
between the applied forces and deflections, in relation to individual load cases, is 
given by Figure 10. Figure 11 illustrates the development of the strains, and 
Figure 12 shows the variation of the microwire switching time. 

As shown in the graphs, the strains (measured by strain gauge) and deflections 
(measured by dial indicator) have a linear shape, which ensures that the 
measurement was carried out within the elastic zone of the material used (S 235). 
The switching time of the microwire obtained by the contactless measurement 
method has a quasi-linear character in a similar shape, compared to the deflections 
and strains. At the maximum load of 40.37 N (load case no. 15), the deflection 
reached a value of 41.7 mm at a measured strain value of 0.065% and the 
maximum change of the switching time was 0.4 ms. 

Using the results to determine the relationship between the strains and the 
switching times, the correlation for linear fit was determined as 
y=0.14x-1.38 (Fig. 13). The black spots are experimental results and the orange 
line is the correlation between switching time (X-axis) and strains (Y-axis). 

As part of their previous experimental research, the authors already proved the 
possibility of using the above-mentioned contactless method for measuring the 
strains of a non-magnetic material via a bistable microwire [18]. The possibility of 
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using this method for magnetic material was experimentally investigated and 
presented in this paper. 

 
Figure 10 

Relationship between the applied forces and deflections 

 
Figure 11 

Relationship between the applied forces and strains 

 
Figure 12 

Relationship between the applied forces and switching time 
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Figure 13 

Dependence of switching time on strains 

Conclusions 

As presented and proven in this paper, thanks to the magnetic bistability of the 
microwire, it was possible to perform a contactless measurement, on a metal 
member with magnetic properties. 

The obtained results also demonstrated a comparable character in the behavior of 
the applied sensing devices (strain gauge, dial indicator and microwire) during the 
loading and unloading process. Furthermore, due to the linear nature of the results, 
the relationship between strains and switching time for this relevant case was 
determined, as shown in Figure 13. 

Taking into account the above-mentioned results, glass-coated bistable microwires 
can be considered as suitable candidates for contactless measurement of elastic 
strains, when investigating materials of ferromagnetic character. 

After achieving adequate results in the elastic zone of the used material, future 
research work will be focused on the application of glass-coated bistable 
microwires, to measure strains within the elasto-plastic and hardening zones of the 
various materials that make up structural members. 
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