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Abstract—A new method is proposed for analyzing and measuring the microwire core diameter and glass coat
thickness. Two light beams in visible spectrum are used for measurement of core diameter. The analysis and
measurement of glass coat thickness is provided by using two ultraviolet light sources. The method neglects the

diffraction effects of light.

Index Terms — microwire, light frame, differential amplifier.
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The requirements to the equipment of microwire
production grow with the increase of production volume. A
full automation of microwire casting is expected in this
concern. Microwire manufacturing should also provide
higher quality and production volume. A way of improving
the production quality is the assurance of continuous
information and knowledge about microwire parameters on
casting.

The most common techniques for measuring microwire
geometrical parameters are provided by post manufactory
measurements (by using microscope or devices for
measuring the magnetic parameters of microwires). These
techniques are incompatible within automated production
of microwires. A MR meter is usually used for core
diameter measurement on casting [6], which allows the
operator to monitor the diameter of microwire and control
the casting process. Unfortunately, its typical accuracy is of
a 5 to 10% order, within quite narrow limits. It is too
difficult to improve and expand the capabilities of the MR
meter. This is why the data provided by this meter cannot
be used for a large range of diameters.

An automated casting process based on the measured MR
is only possible and acceptable within some limits
(approximatively, in a 4 to 30 micrometers range). Besides
this, there is not much information about the thickness of
microwire glass coat on casting — a very important
parameter for some microwire application.

Other methods of measuring thin wires are based on
scattering and diffraction effects of a laser beam [4]. These
methods are quite precise and accurate and, at the same
time, exigent to environmental conditions and wire
vibrations during measurement process.

INTRODUCTION
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The method described in this paper is a good challenge to
provide quick measurements of microwire parameters and
can be easily implemented into an automated process of
microwires manufacturing.

II. LIGHT ABSORBTION

Light absorption effects represent the basis of the
described method. The visible light absorbed by the
microwire must be analyzed for measuring the microwire
core diameter. The purpose of the method is to obtain a
lower or even absent light absorption of the glass coat
compared to the core.

A lower light transmittance at short wavelengths should
be considered for measuring the thickness of glass coat.

Fig. 1. Light absorbtion of Pyrex-like glass.

Figure 1 shows the approximated transmission quotient
of light for Pyrex like glass. A higher transmittance
quotient results into a lower light absorption in glass. It is
evident from the figure, that the absorption effects are quite
weak for the visible light up to the mid-range of infrared
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spectrum (0.4-2.5 pm). In this context, one can suppose
that light attenuation is smaller for the microwire coat.

The absorption grows rapidly for ultraviolet light (400-
280 nm) and the glass becomes opaque for the deep
ultraviolet light range (UVC 100-280nm).

The microwire absorption value of ultraviolet light
depends also on scattering, refraction and diffraction
effects. The influence of refraction and diffraction effects
can be reduced depending on light measurement techniques
and post processing of the measured light intensity.

The absorption value of ultraviolet light in the microwire
glass coat is higher than the absorption value of visible
light at the same light intensity. The key principle of the
described method is an average absorption value of the
microwire for different wavelengths of the light beam.

III. DEVICE COMPOENTS FOR MEASUREMENTS

Special optical parts with following features were
designed for providing the described measurement
techniques:

. High reliability and low maintenance
requirements for optical parts.

. Easy implementation
automated production.

. High tolerance to electrical and light
noise.
[ ]

of microwire

Low values of light refraction and

diffraction effects.

Low light absorption provided by the
optical parts of the device.

The features mentioned above are satisfied using
different techniques: design and parameters of the device,
design of electrical schemes and post measuring analysis
and calculations.

Fig. 2. Main view of collimation system
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A. Optical overall

Figure 2 shows the prototype of optical parts used in the
described microwire measurement device with the
following components:
1) Microwire. The measured microwire crosses over
special gapes of collimation groups for assuring
convenient device usage in plants with automated
casting of microwires.
2,3) Collimation groups A;. These groups are designed
to operate with visible light laser beam. The signal
obtained from the output is used for calculating the
microwire core diameter. Calculation results are used
for estimating the glass coat thickness.
4,5) Collimation groups A,. Light emitters used in these
groups provide an ultraviolet C diapasone (UVC)
radiation to obtain higher light absorbtion of inside the
microwire glass coat. The optical parts (lens, optical
windows, etc) of these collimation groups must provide
high transparency for UV light .

B. Collimation group

The collimation groups were designed according to the
requirements enforced by the proposed method of
measurement.

Fig. 3. Collimation group.

Figure 3 shows the sectional view of the collimation group
with the following parts:

1) Light beam emiter (laser or LED): The light
wavelength is 4;.

2) Light frame: can be mechanical or optical. The
shape of the frame can be rectangular or eliptical.

3) Collimating lens: can be double-convex or plano-
convex. It is preferably to use plano-convex lens for better
collimation results, esspecialy when a LED is used as light
source.

4) Focusing lens: can also be double-convex or plano-
convex. The spectral transparency of glass must be
considered for the focusing and collimatting lens for

assuring maximum transparency of light at used
wavelengths.
5) Light sensor: photodiode or photo transistor

sensitive to the wavelength of light source.
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IV. MEASUREMENT METHOD

The measurement method is based on light attenuation of
the microwire. LEDs or lasers can be uses as light source
with a certain wavelength range. The light sources must
provide a range of light absorption values depending on the
core diameter and the thickness of glass coat. Absorption
values are obtained using scattering, diffraction and
shadow effects of the light beam.

The device was designed to highlight scattering and
shadow effects of light beam and the shape and position of
the device components assure low values of light
absorption and side effects, including diffraction effects
and light noise attenuation.

A. Shape of the light beam

The shape of light beam represents a start point for
measuring microwire parameters.

N
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Fig. 4. Shape of the light beam and the microwire position.

The shape of the light beam must be rectangular or
elliptical (oval) according to the measurement method.
Figure 4 shows an example of the shape of the light beam.
The microwire flow through two collimation groups is
shown in the figure (component 1). In the figure are also
shown the light frames (components 2 and 3) of
collimation groups and the way the shaped light beams
with identical wavelengths (in reference to 4; symbol)
intersects the microwire.

The described measurement method proposes that the
microwire has to intersect the light beams in a way that the
light attenuation and scattering would reach maximum
values. The axes of the light beam shape must be
perpendicular to each other.

A pair of collimation groups has to be identical, which
means that the wavelength of light emitters, the emitted
light intensity, the light shape, the collimation quality, the
light focusing, and the spectral sensitivity of photodetectors
must have identical parameters.

B. Signal measurement and diameter calculation

A rectangular frame used for beam sharpening will
provide the following surface of the light beam:
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S;J:H*VV; (1)

where H — frame length, I — frame width;

The photodetectors would provide the same value of output
signal if there are no barriers for light beams and the
collimating groups have identical parameters.

Li=1, 2
where [;;; and [;;; are the output signal values for the
collimating group 1 and 2, respectively (Fig. 5). The

collimating groups use light emitters with the basic
wavelength 4;.

COLLIMATION GROUP 1

Filtration and amplification

DIAMETER |
ESTIMATION L

UV Emision %

Fig. 5. Signal measurement

The light beam sharpener for collimation group 1 is
represented in Figure 4 by the component 2. The output
signal value is:

L=k * @y * [(H*W) — (H*d)], 3)
where k — constant, which represents the conversion rate of
light energy into electricity, d — microwire diameter. The
signal output value can also be represented as:

Ly =K *H*[W-d]. 4)

The conversion rate for light flow is K;; for the designed
collimation group and is the same for the “collimation
group 2”. The light sharpener of the “collimation group 2”
is represented by the component 3 in Figure 4. The output
signal value for the “collimation group 2” is:

Ly=K) W *[H—d]. %)

Once the collimation groups have the same conversion
rate into electricity they can proportion between (4) and

5):
L/ W *[H =d] )=1 /(H * [W—d]). (6)

The expression (6) can be written as:

L/ W *[H =d] )=1 /(H * [W—d]). (7N

To assure a better signal to noise rate (useful or useless
signal) the sharpening frame must be as thin as possible,
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comparable with microwire diameter. The height of the

frame is much bigger than the width and microwire

diameter. In this case:
[H—-d] ~ H. ®)

The microwire diameter can be calculated using the
following expression after substituting (8) in (7):

d= W[l -1/ L2l ©)

The output signal values I;;; and [,;; are preamplified.
The signals are applied to the inputs of a differential
amplifier after preamplification. The output signal of the
differential amplifier represents the amplified rate ([;;; /
L;5). Once converted to a digital value, the signal value can
be inserted into expression (9) for estimating the microwire
diameter.

The diameter estimation will represent a value closer to
microwire core diameter for the collimation groups with
light sources of A;=550nm wavelength. The light sources of
the collimation groups with 1;=260nm wavelength provide
a signal for calculating the diameter of the entire
microwire, including the glass coat.

V. CONCLUSION

Light scattering is an effect that has a major impact on
measurement accuracy. The measurement of the entire
microwire diameter, including glass coat, is essentially
affected by the scattering effect. This is a reason for
additional care to be taken when selecting components for
UV collimation groups.

The device described in this paper is under a prototype
design. A lot of issues have been faced during
measurement tests and certain improvements have been
developed after processing experimental data.

A quite thin frame sharpener is used to increase the useful
signal to noise rate. Measurement failures during microwire
vibration represent a drawback of this solution. In this case,
the described method is not applicable for measurements
made using an automated microwire casting plant. The
spinning of the collimation group by a small angle (about
10% could serve as a work around. Both collimation groups
were turned into a position so that its light beam would
cover the microwire vibration amplitude.

These angular and position improvements lead to a
review of the diameter calculation formula (9). The change
of calculation formula, side effects of the light beam
attenuation changes the estimation method of microwire
diameter by using empirical values. Using these methods it
is possible to obtain higher accuracy for a certain range of
microwire core diameters and different alloys, glass coat
thicknesses and types.
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