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Abstract - In this paper we present results on the response of linear variable differential transformers (LVDT)
using FeSiB glass covered wires as active cores. First we demonstrate that the noise level of the sensor decreases
with the magnetostriction coefficient of the magnetic core of the wire. Magnetic noise is further decreased after
heat treatment, magnetic annealing and stress-current annealing. These results are in relatively acceptable
agreement with results presented in the past by other research groups.

I. Introduction

The linear variable differential transformer (LVDT) [1, 2] is well known for its applications in displacement
measurements. It is based on a differential transformer with variable coupling between the primary and sec-
ondary coils. This variable coupling between the primary coil and the secondary coils depends on the type of
magnetic material and the position of a movable magnetic core with respect to the secondary coils.

Conventional amorphous wires have been used as LVDT movable cores. These wires are prospective materials
for numerous types of magnetic sensors like magnetic field, current, and torque due to the wide range of possibili-
ties to control their magnetic properties and to their relative easy preparation method [3-4]. Recently developed
glass covered amorphous magnetic wires can replace successfully in various applications the conventional
amorphous wires, giving the possibility to miniaturize sensor elements and ensuring a high corrosion and
mechanical resistance [5-7]. These materials consist of a cylindrical metallic core with diameter of 2-40 pm,
covered by glass insulation with a thickness of 1-20 um. High internal stresses are induced during preparation
process in amorphous wire. The coupling between internal stresses and magnetostriction plays a significant role in
the domain structure formation. In Fe-rich amorphous wires (positive magnetostrictive wires) this coupling leads
in first approximation to a domain structure consisting of an inner core, with axial magnetization, and an outer
shell, with radial magnetization.

In this paper we present results concerning LVDT displacement response when FeSiB glass-covered amorphous
wires are used as a movable core. The amorphous wires had the diameter of the metallic core between 10 and 27
pm and thickness of the glass cover between 2 and 15 pm and were tested in the as-cast state and after current
annealing (Joule heating).

11. Experimental set-up and results

The basic LVDT arrangement is presented in Figure 1. An one layer coil having 140 mm length and 2.5 mm
internal diameter was used as the primary coil (1). The two secondary coils (2) of 55 turns each, were set on the
top of the primary coil and were connected in series opposition. The primary coil was excited by an alternating
current. The primary and secondary coils were made of 0.35 mm enameled copper wire. The distance between the
secondary coils was 40 mm and each of them was set at 20 mm distance from the ends of the primary coil. The
LVDT output voltage U, corresponds to the differential voltage of the secondary coils. The glass covered
amorphous wires used as active cores of the LVDT (3) were fixed in a 10 mm long glass tube with 2 mm and 1.5
mm external and internal diameters respectively. This tube was inserted into the LVDT, inside one secondary coil
and was moved via a micropositioner having 1 um sensitivity in movement. A signal generator (4) supplying a
sinusoidal signal was connected to the primary LVDT coil. The output of the secondary coils was recorded using a
digital oscilloscope (5). Due to the small number of coil turns, the thermal noise of the output voltage becomes
low for this arrangement, increasing thus the sensitivity of the LVDT. Applying an exciting sinusoidal signal U
(Figure 2a) in the primary coil (of minimum 10 mA rms value) in the absence of any ferromagnetic material
inside the LVDT, the detected output voltage was zero. By setting a number of glass — covered amorphous
FeSiB wires inside the LVDT secondary coil an output voltage Uo is detected (Figure 2b). Due to the large
Barkhausen Effect (LBE) of these wires [5-8], the required number of wires is small.

Figure 3 shows the dependence of U, on the displacement of the moving core made of Fe;7.5Si;5B1s glass
covered amorphous wires, in the as-cast form and after 200 mA current annealing for 5 min. The sinusoidal
exciting current used for these measurements had an rms value of 20 mA and a frequency of 10 kHz. The
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Figure 1. Basic LVDT arrangement. (1) primary coil, Figure 2. Input (a) and output (b) voltages of the
(2) secondary coils, (3) active core, (4) signal LVDT.
generator, (5) digital oscilloscope

sensor response dependence on the displacement of the moving core along the LVDT is linear for displace-
ment up to about 14 mm, with an accuracy of 1 um. After current annealing of the amorphous wires, the
qguenched-in stresses are relieved and an increase of the output voltage up to about two times can be obtained.
Using FeCoSiB glass-covered amorphous wires as the active core in the same experimental conditions the
LVDT sensitivity is about three times smaller than for core made of FeSiB glass-covered amorphous
wires due to the fact that FeCoSiB glass-covered amorphous wires do not present large Barkhausen Effect [5].
The dependence of the peak output voltage U, on the frequency of the input sinusoidal voltage U is shown
in figure 4. The LVDT output voltage increases with frequency for frequencies up to about 180 kHz and
then decreases. This behavior can be explained taking into account the changes in magnetic properties of
the amorphous material and the losses in the core.
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Figure 3: Dependence of LVDT output on the Figure 4: Dependence of LVDT output on the
movement of Fe;7.5Si;5B1s5 glass covered wire active frequency of the input voltage.
core: ©) in as-cast form, (g) after 100mA current

annealing for 5 min.

The results obtained indicate that the LVDT using glass-covered amorphous wire as active core presents a
high sensitivity. The low-noise level of the output voltage assures a good accuracy of the sensor.
Furthermore, this sensor arrangement presents good mechanical and corrosion resistance.

I11. Discussion

The most popular and probably the most important parameter in the industrialization process of the sensing
element is its miniaturization ability [9, 10]. In many cases, miniaturization helps to significantly decrease
production costs because of the thin film mass production lines. Sometimes, the quality of the produced
devices increases with the decrease of the size of the devices, as in the case of semi-conducting miniatures
like VLSI or ULSI chips [11]. However, sometimes miniaturization may be disastrous to the properties of a
device. For example, miniaturized LVVDTs offer poor sensitivity and larger uncertainty due to the hysteresis
effect. Miniaturization is absolutely necessary, provided that the required properties are kept at the desired



levels. Practically, this is in agreement with the recent trends in nano-crystalline and nano-structured mag-
netic materials for sensor and actuator applications, where the magnetic properties and domains still exist
in the size of nanometers, before super-paramagnetism appears.

Another important characteristic of the LVDT is the dependence on the ambient field, which is a typical
problem in many sensors based on magnetic materials [12-14]. It is the main reason that mechanical
sensors based on magnetic materials have not properly found their way to the market. It is also a main
reason that the vast majority of high quality field sensors are based on magnetic effects and materials. A
usable technique can be applied, according to which independent detection of the ambient field can be used
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and sends the information to a PC through the serial port
interface. It also drives the Power SW for the excitation voltage
of the sensor. This circuitry offers an accuracy of 12.5 ns. A
typical example of the interface software for the graphical
representation of the results, is illustrated in Figure 6.

The diagram illustrated in Figure 7 reveals the hardware
architecture for another possible implementation. The analog part
of the hardware is kept to a minimum: an amplifier is used for the
sensor and a power switch for the excitation voltage. The output
of the amplifier is sampled by a A/D converter and stored in the
DSP memory. The DSP processes the data and with proper
software detects the peaks, or even specific patterns. Two
different interfaces will be used. A serial port interface, (RS-232
or RS-485) to easily interface the system with a computer or
embedded systems and a graphic LCD port to easily make the
proposed system a handheld measurement system.
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Figure 7: Alternative hardware implementation for signal manipulation



N

©®No Ok w

10.

11.

12.

13.

14.

References

H. Chiriac, E. Hristoforou, M. Neagu, M. Pieptanariu, J Magn Magn Mater 215 (2000) 759-761

W. Decker, P. Kostka, Sensors, in: R. Boll, K.J. Overshott (Eds.), vol. 5, Magnetic Sensors, VCH, New
York, 1989, p. 257.

P. T. Squire, D. Atkinson, M. R. J. Gibbs, and S. Atalay, J. Magn. Magn. Mater. 132, (1994) 10

M. Vasquez and A. Hernando, J. Phys. D 29, (1996) 939

H. Chiriac, T.A. Ovari, Progr. Mater. Sci. 40 (1996) 333.

M. Vasquez, A. Hernando, J. Phys. D 29 (1996) 939.

H. Chiriac, T.A. OD vaH ri, Gh. Pop, F. Barariu, Sensors Actuators A 59 (1997) 243.

Gonzalez, N. Murillo, V. Larin, J. M. Barandiaran, M. Vazquez, A. Hernando, Sensors Actuators A 59
(1997) 97.

H. Chiriac, M. Pletea and E. Hristoforou, Magnetoelastic Characterization of Thin Films Dedicated to
Magnetomechanical Microsensor Applications, Sensors and Actuators A, 68, p. 414-418, 1998

H. Chiriac, M. Pletea, E. Hristoforou, Fe-Based Amorphous Thin Film as a Magnetoelastic Sensor Material,
Sensors & Actuators A, 81, p. 166 — 169, 2000

E. Hristoforou, Magnetostrictive delay lines: Engineering Theory and Sensing Applications, Review
Article, Meas. Sci. & Technol., 14, p. R15-R47, 2003

H.Chiriac, E.Hristoforou, M.Neagu, l.Darie, On the Bias Field Dependence of FeSiB Wire Delay Lines
Response, Sensors and Actuators A, 59, p. 75-78, 1997

H.Chiriac, E. Hristoforou, M.Neagu, I.Darie, F.Barariu, Influence of Magnetic Field on the Response of
FeSiB Wire Delay Lines, J. Appl. Phys., 81(8), p. 5814-5816, 1997

H.Chiriac, E. Hristoforou, M. Neagu, I. Darie, T.A. Ovari, Amorphous Wire Delay Lines Used for
Magnetic Field Measurements, IEEE Trans. Magn., Vol. 33, p. 4041-4043, 1997



