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TENSILE STRESS TRANSFER CHARACTERISTICS OF FESIB MICROWIRE
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Summary. The article explains the possibility of tensiteess measurement in composite materials
by the use of magnetic microwires. The amount ompasite materials in modern airplane
constructions is still increasing. It can reachrdmege from 50% to 100% depending on the type®f th
airplane. In comparison with metal materials, tloenposite materials have different behaviour in
creation and propagation of dislocatior&n embedded microsensor for internal tensile stress
measurement can be created during the compositeriedatabrication by inserting the microwire
inside the composite material. The sensor can heegl into the critical part of the construction
between material layers, therefore it is possiblsense the stress of each layer. The presentotate
the art and planned practical goals are describduki paper.
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1. INTRODUCTION

Magnetic amorphous microwires are the ones of dhest research results of the micro and nano
technology in the field of magnetic materials [{2]. They are extremely lightweight, flexible,
durable, anti-corrosive and suitable for appliaaioespecially in sensor technology with broad
application range. Bistable magnetic microwires @naracterized by rectangular hysteresis loop,
which shows bistable behaviour. Magnetization pse@ccomplished by a single Barkhausen jump at
the field value called switching fieldsw, see Fig 1.
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Figure 1 Rectangular histeresis loop of bistable microw@e [

The switching field carries information about selgrhysical quantities such as external magnetic
field, temperature or applied mechanical stres& mlagnetic microwires used in these experiments
had outside diameter 3Bn, what makes them suitable for built-in sensoriagpons. The induction
method ofHsy measurement allows us to monitor processes whicbraunder the surface of tested
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material. These advantages make it possible totecreantactless built-in sensor for stress
measurement applications.

2. MEASUREMENT OF Hsw

The switching field was measured by induction méthgxcitation coil was fed by triangular shape
current, while sensing coil was used to detectitideiced voltage peaks. When domain wall runs
through the microwire, induced peak occurs in #resig coil. This method is expressed in Fig. 2.
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Figure 2 Principle of induction sensing method [4]

The triangle represents excitation current, blackves represent peaks induced in sensing coil and
rectangle represents hysteresis of the microwinmeTaxis rectangles represent the time intervals
between excitation field and peaks detected bgémsing coil. The measurement of switching field is
performed by precise time measuring. Magnetic nwom® is excited by triangular shape excitation
field with amplitudeHy. At the moment, when excitation field reach thétauing field of microwire,
the microwire core changes its magnetization. Higeed of Barkhausen jump causes high flux
density change in near circumambience of the miceoso the voltage peak is induced in the sensing
coil. The time interval between beginning of theigation field half period T and voltage peaks is
measured by the CPLD (Complex Programmable Logiideg control device. These time intervals
are marked a$" andT. Frequency of excitation field was set to 500 Hthwhe amplitudeHw=570
A/m.

Switching field can be expressed from the meastimeelintervals by:

TH+T"
Heyr = Hy ( _— 1) (1)
whereHy is the amplitude of excitation coill; andT are the measured time intervals dnigd the

half of the period of the excitation field.

For measurement purposes, special electronics bad Hesigned. Controlling, measuring and
communication are performed by the CPLD. Analoguits perform A/D and D/A signal processing,
signal amplifying from the sensing coil and for teecitation coil. Functional diagram of the
measurement workstation is presented on Fig. 3.

The measurement workstation consist of sample R thi¢ microwire 1 embedded. The sample is
clamped in clamping device 3 thru reference foraegg N, connected via serial interface to the PC.
Experimental device itself consist of the CPLD cohdevice, industrial computer (IPC), power
amplifier 6, excitation coil 4, sensing coil 5 apieamplifier with comparator 7. Sampling frequency
of the reference force gauge was 1 Hz.
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Figure 3 Principal diagram of measurement workstation [5]

Interfacing with peripheral devices is provided IPC Vortex. Digital excitation signal from the
CPLD is formed by integrator to triangular shapeittion signal. The voltage peaks induced in the
sensing coil are amplified and transformed to PWivia by a comparator.

It can be seen from the principal diagram, thatstwesed microwire is placed outside of the coll
formation. Thanks to special design of the cotlss possible to embed microwires under the surface
in any place of the measured construction.

3. EXPERIMENT

Set of composite samples was prepared for the iexpet, see Fig. 4. The samples were made as
two layer glass-fibre composite material with mighee embedded between them. To prevent the
samples batch deviation, all samples were madaasloeet of the composite material, consecutive
divided into single samples. Used microwires aredendrom iron-based chemical compound
Fer7 sSizsB1s, with 30 um overall diameter and 20 mm length. &isions of the samples were 0.2 x
50 x 480 mm. Ends of each sample were strengthégeddditional layers to improve sample
clamping.
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Figure 4 Glass fibre composite sample. Microwire positiomarked by dot near the middle of the sample.

Sample was exposed to static loads in range froonl@0 MPa, what is equivalent to range from 0
to 1000 N. Measured data were taken continuousliynguhe measurement with 1 kHz sampling rate.
The sample load was increased after each 5 secotitithe maximum load force was reached. Then,
the force was decreased in the same way back @0 ERis procedure eventuates into a stair-step like
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load curve. Each step was performed as 0,1mm iserea decrease, of the sample elongation. The
5000 samples dfisy and 5 samples of load force were taken at eagh $teey were averaged for
each step and plotted in the graph to create tisli¢estress transfer curve, see Fig. 5.
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Figure 5 Sensor transfer curve

This characteristic confirms linear behaviour of gorepared build-in sensor. Sensitivity of the
sensor can be estimated by linear fit of this d8tape, thus sensitivity, of this linear fit curie
0,20037 [A mt MPal].

4. CONCLUSION

This paper is focused to the possibility of creataf contactless tensile stress sensor based on
magnetic microwires. Experimental results show that possible to collect data from the microwire
embedded in the composite material and determieenial stresses. This kind of sensor is completely
contactless, with no need of power supply and gadveonnection. Operational life of the sensorss a
long as life of the composite material in which thensor is embedded. Composite material also
protects this sensor against damages from its @mwient. No service or maintenance is needed also.
One big challenge for future work is to reducertbése parameters of such sensors. This was already
partially done by improved method of the microwipest-processing.

Small dimensions of the sensor do not create angtstal defects. The sensing device can be used
to read more sensors embedded in the construdtibite it is placed on the surface of material,ahc
be moved from one to other sensor. Actual rangeledice is limited by energy radiated by the
microwire during switching and with these sensdrssiup to 5 mm under the material surface.
Together with linear transfer characteristics @ates a powerfull device for long time structuraltie
monitoring or material inter-layer behaviour resbar
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