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The proposed article is devoted to the stress evaluation inside the composite beam using the embedded magnetic 
microwire sensors. The interlaminar stresses with high values can occur inside the composite structures during the 
operation. It is essential to monitor the stresses and to increase the lifetime of the composite materials by prediction 
using the research results from the stress distribution estimation and also during the operation using the embed-
ded magnetic microwire-based sensors. In the article the results of the mechanical stress distribution between the 
magnetic microwire coating and core and the discussion about the experimental application of the magnetic mi-
crowire inside the composite beam are presented.
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INTRODUCTION

The proportion of composite materials in the engi-
neering industry is widespread and is still growing. 
Composite materials combine many advantageous 
properties, due to which they are used in the manufac-
ture of modern equipment of various kinds. Despite this 
fact, they also have several disadvantages. An undesir-
able feature of composite materials is their inhomoge-
neity, sudden cracking within the material as a result of 
the maximum load exceeding. One of the ways how to 
prevent these unfavorable properties is to monitor the 
stress of the composite structure by means of applying 
magnetic micro-wires inside the structure. In order to 
sense critical stresses, it is possible to built in the mag-
netic microwire sensors within the composite structure 
during the manufacturing process. Before the magnetic 
micro-wires are used to measure the stresses of the 
structure, it is necessary to know the mechanical prop-
erties of the magnetic microwires themselves and of the 
structure as well.

Investigation of magnetic microwire 

mechanical properties 

Before the strength calculations can be made, it is 
necessary to know the exact geometry of the magnetic 
microwire. Magnetic microwires consist of a metal core 
and a glass coating [1]. The most important information 
for the stress investigating is the connection between 
the core and the glass of the magnetic microwire, there-
fore the glass was removed mechanically from the mag-
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netic microwire. After the glass coating mechanical re-
moval, the core was observed using an electron micro-
scope (Figure 1). Nine photographs from were analyzed 
and imported into the CAD system [1, 2]. At the begin-
ning, a 3D CAD model of the core without the contact 
surfaces was created. The contact surfaces were mod-
eled based on the imported photos from the microscope 
observations (Figure 2).

Based on the 3D model of the magnetic microwire it 
is possible to perform the finite element model (FEM) 
analysis and subsequently to investigate the mechanical 
stress distribution between the core and the glass-coat 
of the magnetic microwire. The FEM model was creat-
ed using the hybrid meshing, which means that the fi-
nite element mesh consisted of both hexa and tetra ele-
ment types. The area of the interest is meshed using the 
hexa type elements and the middle of the core is meshed 
by the hexa elements. The attention during the meshing 

Figure 1 Magnetic microwire under microscope
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tion around the small area regions connecting the core 
with the coating [3].

EXPERIMENTS

Application of magnetic microwire inside 

the composite beam

Before investigation of the mechanical stress of a 
composite beam by means of magnetic microwires, it is 
necessary to know the values that   should be expected 
during the measurement and thus it is necessary to pre-
dict the magnitude of the beam deformation and the me-
chanical stress [4]. The composite beam is dimensioned 
and manufactured according to the Figure 5. The model 
of the I-beam for the FEM analysis is identical with the 
tested glass composite part. It is a simple I-beam single 
side constrained. The second side is loaded by the ap-
plied force created by the loading weights added to the 
end point of the I-beam. Dimensions of the I-beam are 
62 x 62 x 960 mm. The beam is constrained at 180 mm 
and the microwire is placed 710 mm from the free end. 
The I-beam is loaded in the range from 0 to 14 (kg), 
which mean the maximal load force F = 137,29 N. The 
tensile stress σ in the I-beam at the distance l = 710 mm 
from the free end can calculated as:

where My(x) is the bending moment, Jy is the polar mo-
ment of inertia and ZT is the center of gravity [5].

The My(x) can be expressed as:
 My (x) = Fl

and we can describe the maximal tensile stress σMAX 
at the defined point as:

where F is the load force, l is the distance, where the 
tensile stress is analyzed. Now we can estimate the 
maximal tensile stress at the defined load as:
 σMAX = 27 (MPa)

process has to be payed near the small regions creating 
the contact between the core and the glass coat of the 
magnetic microwire. Mesh in such a region needs to be 
fine enough in order to obtain proper results [3].

Once the core of the magnetic microwire model is 
meshed the finite element mesh of the coat can be creat-
ed. The methodology of core and coat meshing is quite 
similar. First of all, the 2D elements are created on the 
coat surface of the magnetic microwire such an elements 
are afterwards mapped into five rows of the 3D hexa ele-
ments with the SOLID45 element type. When the glass 
and the core are meshed it is possible to model the con-
tacts between them. In order to model the contacts, it is 
necessary to mark every element of the mesh in the con-
tact surface regions between the core and the coat. Con-
sequently, the contacts with the corresponding properties 
can be modeled. More than 900 small contact surfaces 
between the glass and the metal core were modeled, 
which means thousands of the finite elements. It is neces-
sary to mark every single element for the contact mode-
ling, which is a time-demanding process. The final step 
in the magnetic microwire core and coat meshing is the 
meshing of a thin composite layer. It will ensure that the 
boundary conditions can be applied. The resulting FEM 
model of the microwire with all parts together with the 
partial section is shown in the Figure 3 [3].

The results of the static contact analysis are present-
ed in the Figure 4, which shows the distribution of the 
resulting Von Mises stresses on the magnetic microwire 
core. The figure shows a section of the central part of 
the microwire without the glass-coating and the com-
posite structure to show the waveform on the core. The 
maximal Von Misess stress was 256 MPa at the contact 
joints, which means an extremely high stress concentra-

Figure 2 3D model of the magnetic microwire

Figure 3 FEM model of the magnetic microwire

Figure 4 Von Mises stress of magnetic microwire
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The FEM analysis of the composite beam is per-
formed in order to estimate the maximal stress in the 
area of the magnetic microwire application. In the soft-
ware the composite layers are modeled with the specific 
properties. The model is identical to the beam, which is 
used for the experimental measurement. The mechani-
cal stress results in the area of interest are presented in 
the Figure 5 [4, 5].  

The maximal node stress in the area of the magnetic 
microwire placement is 26,03 MPa. According to the 
estimated stress value it will be possible to describe the 
stress dependency on the switching field during the ex-
perimental analysis of the composite beam with the 
built-in magnetic microwire [4].

For the purposes of the experimental measurement, 
the composite beam with a constant cross-section was 
made into which a sensor based on the magnetic micro-
wire was placed. The composite beam is rigidly bound-
ed at one end and to the other end the force in terms of 

weight from 2 to 14 kg was applied. The load was ap-
plied repeatedly from 2 kg to 14 kg and back to 2 kg for 
63 times during the experiment. The switching field of 
magnetic microwire placed in the composite beam was 
sensed using the sensing coil. The magnetic microwire 
was placed 25 cm from the beam root and on the upper 
flange of the beam. The composite beam is shown in the 
Figure 6.

The results of the experimental stress measurement 
inside the composite beam are presented in the Figure 7. 
The plot is showing a dependency of the applied tensile 
stresses and of the switching field of magnetic microw-
ire on the load step [4, 5].

CONCLUSION

According to the presented results it is possible to 
determine the dependency between the mechanical 
stress and the switching field inside the composite 
beam. Although the dependency is obvious there are 
some cases when the obtained results are completely 
different. The switching field of the magnetic microw-
ire can be influenced by several factors. The most ad-
verse effect appears to be at the maximum load of 14 
kg, where the bottom flange began to ripple and created 
an ever-increasing distance between the sensing coil 
and the microwire, which adversely affects the meas-
urement and therefore the results were not correct. The 
top flange that was stretched had not ripple and the coil 
was firmly attached to it, so the results are of high qual-
ity, as can also be seen from the experimental results. 
Regarding the microwire manufacturing and dividing 
process, the measurement can be also affected by the 
cracking of the magnetic microwire glass, which leads 
to the change of the internal forces and thus to the in-
creased measurement errors.
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Figure 5  Maximal stress estimation in the area of 
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Figure 6 Prepared beam for the experimental testing

Figure 7  Experimental tests results – switching field and 
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