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Consistent quality - continuous sensing

Customer end product quality requirements,
especially in canned stock, is constantly increasing
and becoming more stringent. One vital part of
Norwegian company Elkem’s answer - a
triangulation sensor based on a SiTek PSD from
the Swedish company Selcom.

Elkem Aluminium A/S is a major supplier of
metal used to make tabs and end stock for beer and
beverage cans. In 1992 Elkem installed its
Computer Assisted Casting System including the
Laser Level Control System as part of a five-year
modernisation plan. It is controlling the casting
parameters during start-up, steady state and end of
casting and is continuously collecting data from
the process including the preparation stage. The
focus was, as stated above, that customer
requirements were rising, calling for a response
from the company.

As in all casting systems, the best place to
increase quality and yield is by controlling the level
in the launder and mold accurately to ensure
consistency, as well as by steering the furnace more
precisely. Besides, Elkem also decided to cast with
low metal level to improve slab quality. For this ro
be accomplished, Elkem needed better sensing
equipment. After a thorough evaluation, the
company chose Selcom non-conract triangulation
sensors.

Main advantages
The main advantages of lasers based non-contact
Sensors are:

The sensor has no moving parts, which improves
the dependability. The
distance from the sensors
to the liquid meral
surface is about 250 mm
during casting, compared
to only 100 mm for
conventional inductive
and capacitive sensors.
Non-contact sensors do
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Launder level control at a distance.
accurate data without complicated

installation.

. Reliable

not create additional skim and no danger of
presolidification and freezing during start-up. Extra
space in the troughs at the location of the sensors is
not necessary.

By now Elkem uses non-contact sensors in three
ways:
1. To control trough level and furnace tilting.
2. As an integral part of the mold
level control system installed at
cach coquille.
3. To determine the remaining
volume of melted metal in the
furnaces.
Though the last purpose was not
planned for, it has become a vital
part in holding down waste and
saving time. The Elkem Laser
Level Control System of casting
with a low level has a number of

advantages, many of which lead to
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shorter casting times, less after-
working and lower costs.

Variation in the metal level in the
mold is less than £ 0,25 mm, and
casting length accuracy controllable
to within +0,5 %. Less surface
segregation, resulting in less scalping required.
Accurate and repeatable casting lengths, for
considerable cost savings. Lower and constant

Level sensor with a long measuring
range and stand-off distance gives easy
installation, handling and reliable

data from start-up to finish of casting.

metal level provides an increased solidification rate,
resulting in improved rolling properties and
reduced edge-cracking, as well as smaller particles
and no depleted zone.

In addition, since sensor maintenance is
simple and the system as a whole,
including the sensors, is reliable and
dependable, there is less down-time.

The end results for Elkem is improved
yield overall and lower costs, plus the
added benefit of satisfied customers - no
mean accomplishment in today s
marketplace.

calibration routines plus operator friendly



Kick-off in Norway!

Early in the morning of Thursday, 25
April, SiTek’s entire workforce gathered
at Gothenburg railway station to travel
up to Oslo. The snow still lay along the
railway tracks following the previous
day’s snowfall and in Oslo a bitter north
wind was blowing. After a 15 minute
journey by tram we came to our hotel.
In the afternoon, we started to sum up
the best year ever in SiTek’s history. The
company’s turnover had increased by a
fantastic 40 per cent with the number of
f delivered compo-
' nents doubled.
In addition, we
had been able to

welcome several

| new members of the next twelve-month period were

)| staff to the decided and we discussed what we should

" company. do regarding development, marketing
Subsequently, we drew up guidelines and, not least, what, how and how much

for the future. The plans and budgets for to produce.

Before making our way towards Akkers
brygge for supper we held a competition
in constructing a PSD on the scale of
20:1. We worked rapidly bur it is
doubtful if the quality of the components
was up to scratch. The day concluded
with Christer Sjoback receiving the prize
for the year’s best contribution at work.
On Friday morning we discussed how we
could best face the challenges that lay
ahead. Several creative ideas emerged and
we now feel that we have a secure
platform for continued growth.

We spent the afternoon visiting some of
Oslo’s sights such as Frognerparken and
the Kon-Tiki museum in sunny but
somewhat chilly
spring weather. We
left Oslo at six
o'clock after two
pleasant and
rewarding days.
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Welcome to Komponent -97
and stand D433 1

SiTek Electro Optics
AB extends a warm
welcome to Kompo-
nent -97 and
especially to visitors
to our stand. As
Scandinavia’s largest
electronics fair,
Komponent -97 is
now being staged for
the seventh time and

this year, bigger than
ever, will be held at
Svenska Miissan in
Goteborg between 9
and 12 September.
Some 10,000 sq. m.

of exhibition space will offer a unique sensing detectors, including the patented
overview of the electronics industry in PSD with built-in light scattering
Scandinavia and, more specifically, it will  elimination. Additionally, we will present
give the visitor the opportunity to get to our unique possibilities for tailormaking

know the entire range of SiTek’s position  components.

[Visite our home-page at http://www.sitek.se —
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Mountainbiking

Hi, my name is
Hikan Jonasson and
['m 25 years old.
I've studied tech-
nical subjects for
four years and have
built on my high
school education by
attending evening
courses in elec-

tronics and data
programming while
earning a living packing car spare parts.

I'm working in a great production team and
look forward to an exciting future here at
SiTek. One of my leisure pursuits is football
- it’s great to feel the sense of community that
grows amongst the "lads” in triumph and
adversity. I'm also involved in other sports
such as mountain biking in the forests -
actually more relaxation than physical training
- and indoors bandy (a kind of hockey).

I plan to move into my own appartment
once I secure the job [ have been seeking for
so long.
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SiTek's PSD-school
Section 9 by Lars Stenberg ESDE AB

This section of the PSD school will examine, in the light owing to diffraction. Diffraction arises
more detail, the demands placed on the optics of the | -~ | when the surface pattern is of roughly the same size
receiver where the intention is to develop a A as the reflected light’s wave length.

triangulation probe; for example, the light intensity Generally speaking, it is a fact that an uneven

and optical reproduction properties that this should . surface will distribute reflected light more uniformly
possess. Before we can specify the receiver’s exact | in space, compared to a polished surface that

optical characteristics we must, however, first study | distributes light unevenly on account of more or less
what happens with the collimated light beam when periodic patterns that are generated in connection

it hits the measurement surface; how the light is with polishing. If the surface structure is random,

diffused when it is reflected as well as the demands it Lars Stenberg then so-called speckles appear as a pattern of light spots

makes for the aperture of the receiver optics, and optical that constantly move. Another reason for the light to be

correction. diffused when striking an interface is if the surface is
contaminated or polluted by, for example, small

What happens when a light beam hits a surface? particles. One example of this is when one looks

When a light beam hits the interface of a medium, a through a dirty car windscreen against the light.

certain amount of the light is reflected, a certain amount

is transmitted through the medium and a certain Different types of reflection

amount is absorbed by the medium itself. If the It is, of course, possible to work out how the light will

reflection coefficient is designated by p, the transmis- be diffused on hitting a surface with a specific structure,

sion coefficient by T and the absorp- but this is very complicated.

tion coefficient by o it is evident that — - —_— Instead of getting entangled in

p+t+a=1. endless calculations as to how

PSD-detector _
Using the geometry that I described in Muﬁam different surface parterns
section 3 of the PSD school, we see e disperse light we shall therefore

that the reflection coefficient p must i 1 split up the light diffusion from
not be = 0 and also that the absorp- Figure 1 reflection on to a surface into
tion coefficient o must not be almost equal to 1 (i.c. three different qualitative components that offer a
black rubber or velvet) because, in thart case, very little significantly simpler method of classifying light
light will be reflected in the direction of the receiver scattering from a surface. Each and every one of the
optics and the PSD. Which means thet we will have three components is characterised by the geometric
only a very small signal from the PSD detector. We can, appearance of the light diffusion and it is this which
therefore, see that it is a significantly easier task to interests us most when we try to design a triangulation
design a triangulation probe for material whose absorp- probe. The three components are the specular reflection
tion coefficient 0 approaches 0. It is also important to share, the Lambert reflection distribution share and the
be careful with material whose transmission coefficient share represented by Gaussian reflection diffusion.
7> 0. If we have a material where T > 0.5 (for example
polished Plexiglas) it might happen that our collimated Specular reflection
light beam could be reflected partly by the surface of the Specular reflection is a reflection withour diffusion and
Plexiglas itself and partly - for example - by a small air wholly follows the reflection law that say the angle of
bubble within the Plexiglas itself. This means incidence is equivalent to the reflection
that we can obtain reflected light both from the | | angle. On the basis of the triangulation
surface and from the air bubble which also Iy probe’s geometry - which I dealt with in
means that the PSD detector receives light from lo section 3 of the PSD school - we can see that
two different directions. This means that we may it is not possible to measure the distance to
get a measurement error due to the fact that Tis o | L=const an optical mirror surface with the aid of a
too large. 'r; =Y triangulation probe geometry, since the

L L collimated light then hits the mirror surface

Interfaces for which p > 0 applies

at right angles. Since it is a question of

We shall now study in more detail interfaces for which Hgumd specular reflection the light will be reflected back in the
p > 0 applies. When a light beam reaches the interface same direction from which it comes and no light then
of a medium, macroscopic surface patterns influence falls on the PSD detector. From the above, it is clearly
how much light is distributed in different directions. very difficult to design triangulation probes with the
Even polished glass surfaces have microscopic surface geometry described above if the share of specular
patterns thar affect the distribution of light. The reflection in the measurement surface is too dominant.
difference when light hits a slightly more uneven surface On the other hand, it is possible to get a triangulation
compared to a polished surface is that the light, in the probe to function if the geometry is changed to what
forme case, is dispersed through multiple reflections in appears in figure 1. One must, nevertheless, be aware

the surface structure whereas polished surfaces diffuse that the measurement area is reduced considerably if a



other hand, it is possible to achieve a very
high level of accuracy.

Lambert reflection diffusion

geometry of this kind is used. On the
The Lamberrt reflection diffusion means !
|

different inclinations of the measuring
surface this means that we have a

If we subsequently allow the
collimated laser beam to strike the

gcuss:an
( intensity | significant share of Lambert light
’ ~profle dispersion.

that the luminance L (Im/steradian x m?)

measuring surface under 45%s angle of

of the reflected light in the reflection I Figure_3

point is constant for different angles ©, where © is
calculated from the surface’s normal axis. In addition,
for the light intensity I (Im/steradian) of the reflected
light the following applies:

lg=13xcos ©
independently of the angle of incidence. Otherwise, see
figure 2. White paper, projection screens and roughly
polished surfaces have a very large share of Lambert
reflection dispersion. A Lambert reflector is thus
characterised by the fact that the reflected light is visible
under the solid angle < 21 steradians.

Gaussian reflection diffusion
Gaussian reflection diffusion means that the reflected
light follows the law of reflection but the reflected light
forms a more or less thin beam centred e
around the reflection angle. The light |
intensity of Gaussian reflection diffusion has |

a Gaussian curve profile whose terminal '
points mark the double beam angle . See
figure 3. If we now draw the three reflection
components, where the angle of incidence i

specular
reflection

incidence, for example, and attempt to
project the reflected light at 45 “'s reflection angle by
placing a white paper at about 30 mm distance from the
spot on the measuring surface struck by the laser beam,
we can obrtain an idea of the share of specular reflected
light and the share of Gaussian light dispersion. See
figure Sa.

[f we obtain a point-formed light spot on the paper
then this means a predominant share of specular
reflection. See figure 5b. If we obrain a light spot where
the light intensity is greatest in the middle and gradually
diminishes (see figure 5c) then this signifies that there is
a certain share of Gaussian light dispersion. If the light
spot’s diamerer is, for example, 20 mm then this means
that the beam angle ¥ becomes atan(20/2x30) mm =
18.4 °. In this case, we can easily determine that the
~ Gaussian component of the dispersed
| reflected light will not be able to pass
gaussian reflection | through the receiver optics since the

| angle (according to section 3 of the PSD
-L/lrue;in;?:m school) is 40° and the angle 8 = 5.25°.
This means that the angle between the

| measuring surface’s normal and the

= (0, we obuain a figure with the following :
appearance: Figure 4
From figure 4 it appears that the Lambert light
dispersion is most important for the function of the
triangulation probes since the beam angle ¥ for the
Gaussian light dispersion exceeds 25° by way of
exception.
The light that is reflected against the measurement
surface is often divided amongst
the three reflection components
above. It is possible to obtain a a)
good idea of the distribution by
directing, for example, a colli-

mated laser beam against the

measurement surface and visually
observing how the light is dis-
persed. First, one observes if it is possible to see the
luminous spot on the measuring surface even if the
measuring surface is inclined in different directions. If it
is possible to observe the measuring point clearly for

Figure 5

white paper b) F\OL?I-For?'led c)
ight spof

receiver optics optical axis will be (40-
©5.25)° = 34.75. The Gaussian reflection
component will not therefore give rise to any light on
the PSD detector.

The above example further underlines that the
triangulation probes geometry means that the share of
Lambert reflection diffusion must not be too small if the
triangulation principle is to be able to function. The

question of the proportion of
‘ Lambert reflection diffusion on

a measuring surface is, in actual
fact, the most important
(. . question to be answered when
deciding if it is possible to use
the triangulation principle for a
= - certain measurement
application.

In the next section of the PSD school I will attempt to
describe how to choose the right lens type for the
projection of the diffuse reflected light from the
measuring point on the PSD detector.
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