Introduction

Today, it is widely acknowledged that on-line diameter
gauging of drawn wire greatly improves product quality and
process efficiency in the wire industry. A variety of wires,
especially ones made of hi-carbon steel alloy, can take
advantage of continuous diameter surveillance. The die wear
can be monitored in real-time by checking the finished
diameter of the wire. When preset tolerance limits are
exceeded, the process can be immediately halted to prevent
the manufacturing of any out of specification product. This
feature is essential when the manufacturing tolerances,
drawing speed and the weight of the take-up reel, increase
to such an extent that a simple check at the end of each spool
cannot guarantee that all the wire inside the spool is within
the specifications. Greater benefits can also come from the
increased automation of the process. For example, labor
costs are reduced since manual checking is no longer
required and the diameter data is immediately collected and
processed to prove product quality and machine capability.

The Problem

It is a well known fact that the major obstacle in expanding
on-line diameter measurements in the wire industry is the
high dust sensitivity of most optical instruments. This effect
is "very serious" on dry drawing benches because of the
excessive amount of soap powder used as a lubricant for
the die. During the drawing, a mix of soap powder and
steel particles is projected at high speed from the die towards
the machine outlet. This powder sticks to every exposed
surface and especially to the laser gauge windows, which
are in the path of the travelling contaminants, since it must
be installed after the die and before the take-up reel. Without
suitable protection, the glass windows of any optical
instrument would be contaminated in a few hours (if not
minutes), to such an extent as to make the gauge completely
blind and making wire gauging becomes impossible.

The Solution

Laser micrometers appear to be the appropriate instrument
to perform this task, however there are some conditions
which require attention for success. (1) the gauging accuracy
must not be influenced by wire vibration and movement.
(2) the cost of the equipment has to be consistent with the
expected payback period, and most importantly (3) the
sensitivity of the laser gauge to the contamination effect due
to the dust deposits on the external optical surfaces. The
solution requires a focus on three major components:

= Optical design
= Electronic signal processing techniques
= Suitable pneumatic protection barrier
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Pictured above (component closest to the wheel) is a dual axis laser
micrometer with an early version of the protection fixture.

Pictured above is a ILS 13 xy dual axis laser micrometer with the
latest version of the protection fixture.
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Optical Design

The gauge's optical property must be designed such that it
produces a laser spot of elliptical shape, a large area on the
optical windows, and it must be focused on the wire.

Individual specks of dust or droplets of emulsion, even
though they are very small compared to the laser spot, cause

partial attenuation of the total intensity of the signal which
is proportional to the ratio of particle area/laser spot area.
While a large number of dust specks may cause the signal to
appreciably attenuate, they will not cause the intensity to
vary suddenly during the scanning.

Electronic Signal Processing

A proprietary and innovative method of electronically
processing the optical signal is employed in the laser gauge.
In essence the signal enables the duration of the shadow of
the wire (the diameter) to be determined correctly. This
method makes it possible to extract the diameter information
from a signal highly distorted and attenuated by dust.

It has been demonstrated by this technique that it is possible
to get measurements which are not significantly affected by
a considerable amount of dust on the laser gauge windows.
In addition this technique is neither influenced by the
position of the wire inside the measuring field, nor is it
influenced by vibration of the wire, as long as the wire stays
within the measuring field.

Pneumatic Protection Barrier
The two design principles stated above are not enough to

guarantee acceptable performance on dry drawing machines
where the working conditions are much more critical.
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To complete the design, a special fixture with pneumatic
protection is required. The design goals were to: (1) make
sure the fixture is designed such that the production process
is not stopped while the laser gauge windows are cleaned.
(2) the gauge can be removed quickly to perform the cleaning
process without tools. (3) a significant amount of time
between cleanings is established.
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Summary

Aeroel, for a number of years now has continued to develop
and improve the three
major components of laser
gauging for dry wire. It has
progressed to the point
where the solution is
matured and numerous
systems are installed in the
industry with customer
satisfaction. The latest
design of the pneumatic
fixture is illustrated in the
picture to the right. It
includes the ILS 13 xy laser
gauge with a new self
cleaning fixture. This fixture coupled with our advances in
laser micrometry truly represents a quantum leap in
technology for the wire industry.
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