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Let There be Light
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OK, maybe that command has been used, but Cognitive
Vision has improved on it. The new command is “Let’s
use more light”. There are several new products coming
out of the 30 year legacy established by the CV430
TachPRO and its predecessors. In 2003 the product
offering is being expanded with four new model numbers
that reflect different applications of using light. There
will be application notes that will describe each new
application specific to each new product. But first this
application note will cover the basic principal upon
which all of these tachometer products are based.

The CV430 TachPRO Legacy
Starting with the SD13185 in the early seventies the
principal of using white light reflected off a single
location on a rotating object and thereby creating a
tachometer sensor has not changed. The unique
characteristics of the 430 make it the perfect answer for
obtaining a tachometer signal from a rotating object in
applications of
near contact to a
distance of about
24 inches (61cm). The CV430 will maintain its “instrument of choice”
status well into the future. The primary function of the 430 is to generate
a white light source, direct the white light to the rotating equipment,
sense the returned reflection and generate a constant amplitude signal
directly proportionate to the return.

The CV430 “System”

Figure 1. CV430 TachPRO
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Most people identify the CV430 TachPRO with just the electronics box.
While this is convenient, there are two parts to the CV430 TachPRO
“system”. The first part is the fiber optic “Y” cable and the second part
is the electronics box shown here in Figure 1. While the electronics
box is labeled CV430 TachPRO, it is important to understand that the
cable is an equally critical part of the “system”, because in reality it’s
the cable that does almost half of the “work”. True, it’s the electronics
box that generates the light and also senses the returned light, but once
the light is created it’s the cable that takes care of the rest of the task at
hand. A good deal of this simple system is due to the characteristics of
the cable’s construction. There are two halves to the cable and the
following description will explain the two portions of the cable.
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White Light Path
What you see in Figure 2 is not our galaxy; it is the even
distribution of optical fibers in the Cognitive Vision fiber optic
cable. Looking into the focusing lens at the end of the cable;
half of the fibers terminated at the lens are emitting light, and
the other half is for receiving the reflected light back (these
are the dark areas in Figure 2). It’s a good thing that light
doesn’t travel at right angles otherwise the whole operation
would fall apart. The fiber bundle half that is light emitting
has its light directed through the lens and out towards the
reflecting surface. Some fibers are straight on shots, while
others are angled slightly and these angled fibers show up as
dimmer points of light in Figure 2. Never-the-less the
distribution of the light emitting fibers and light receiving fibers
is even and random within the cable bundle. The
randomization process also creates the angled fibers, and it is
intentional.

Figure 2. Fiber Bundle

Light that is reflected back (while the reflective surface is within the light path) and is sensed by the other half
of the fibers in the cable bundle. This is the whole theory of operation that makes Cognitive Vision’s optical
tachometers work. The drawing in Figure 3 illustrates the entire fiber optic cable operation.
The red line in Figure 3 shows the light emitting fibers and the blue line shows the reflected light fibers.
These are the fiber optic bundles that form the “Y” cable. Because of the even and random distribution of the
fibers at the focusing lens end, it makes no difference which leg of the “Y” gets attached to the two optical
connectors on the electronics box. Both
bundles of fibers are virtually equal in
capability and both light paths are
focused by the lens equally. Flipping
the red and blue functions around
would make no difference.
The light emitting fibers get their light
source from a light bulb inside the
electronics box of the CognitiveVision
fiber optic system. In this context of
light emission the lens creates a light
beam that travels out from the lens. It
is important to clearly understand that
there are two circles of light being
projected. These circles of light will
eventually be absorbed, reflected away,
or reflected back from any surface they
happen to strike. The two circles of
light are known as the umbra and
penumbra. The umbra is direct light
Figure 3. Light Characteristics
and the penumbra is the contribution
of the extreme angled fibers, plus the natural distortion of light in an atmosphere. In the context of received
light the lens focuses the incoming light onto the tips of the fibers that are connected to the photo sensor,
which is the second of the two connections.
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The electronics of the CV430 “fires” when it sees a transition to light from dark. This transition takes place
at some point in time with the passing of the penumbra reflected back into the lens (depending on the
sensitivity setting). Most typically the reflection takes place via the 3M reflective tape (or paint where
available), but this can also be accomplished with virtually any reflective surface.
There are several issues in working with white light that are of benefit over other methods. Infrared, and
lasers have their place and a separate set of issues. The key benefit of the white light method is the “near”
contact, the “visibility” of the light beam, and the benign application of the sensor. Always keeping the
concept of “reflection” in mind the engineer responsible for mounting the tachometer has been using the
following information presented here as an example.

Working with Reflected Light
Earlier in this paper it was mentioned that the target for the CV430 was the reflective tape from 3M, and
indeed that is what Cognitive Vision supplies with the system because it is the best answer for working with
the CV430. However it is not the only answer and we will cover that shortly. But first we will deal with the
reflective tape.
The reflective tape from 3M has a very unique characteristic.
It reflects light directly back towards the source of the light
at the angle of incidence. If light were a pool ball and the
reflective tape was the banks of a pool table you would never
be able to make a shot. The ball would always come right
back and hit the pool cue. In Figure 4 the red line shows the
expected direction of the que ball after it is hit, but what
actually would happen if the bank were reflective like the
3M tape; it would follow the blue line. It wouldn’t make
any difference how you lined up the shot. It would always
bounce off the bank and directly back at the pool cue. This
Figure 4. Pool Cue Analogy
is exactly the same phenomena taking place between the
fiber optic cable (the pool cue) and the reflective tape (the pool table bank). In the application of the CV430
this is a good thing. However, the aiming of the light beam has to be just as carefully studied as trying to
bank the eight ball into the corner pocket. You have to work the straight shots or the angles, which ever the
case may be.
In the left image in Figure 5, you
think you have the situation made.
Easy access to the end rotor on the
device, you have the tape in place,
you have no other interferences –
you’re good to go. Maybe! Take
note of the surface you have the
tape on. It’s very shiny. You might
get a good contrast between the
Figure 5. Optimum Placement
reflective tape and the shiny
surface in a very narrow section
of the sensitivity adjustment, but then again maybe not. The solution to this issue is “make a bank shot”.
Remember I told you that the 3M tape comes back at the angle of incidence. If you make a bank shot such
as that in the right image in Figure 5, you will have much better luck at getting a good signal.
If you think about it for a second you will remember that the light coming out onto the shiny surface is going
to be reflected by the shiny surface at an angle equal to the angle of incidence. In this case it is going to
bounce away at about a 45 degree angle, or about 90 degrees away from the fiber optic lens at the end of the
-3-

cable. When the reflective tape passes by the light the reflected light will reflect back towards the lens. The
end result is that you will have considerable range on the sensitivity adjustment and therefore a very reliable
tachometer signal.
As mentioned earlier it is not always possible to use reflective tape. In these situations where you have to
work with what you have, examine the situation carefully. Remember that you are working with are reflective
properties; color while a part of that equation is not the central point. The reflective property of the surface
is the important factor. Powder, grease, flat black paint can dull a surface. Chalk on a dark surface, typewriter
white-out is more reflective than unpolished steel. The variations on reflectivity are practically endless. Also
use the proximity range of the sensor and the angle of the sensor to the rotating surface.
In Figure 6 you have the same wheel that
was shown in Figure 5. In this example
the axial direction is not possible.
However, an angled radial direction is
available. Good to go again! No!
The problem is this time the proximity of
the sensor tip to the surface. It’s too close.
Figure 6. Axial Optimum Placement
A portion of the penumbra of the light
source is bounding back into the lens and you are getting a logic High (positive reflection) all the time. There
is however a locking screw hole in the wheel. So the application is inverted. The umbra and penumbra of the
light source disappear into the screw hole and the entire reflection gets trapped in the depth and threads of the
screw hole. The end result is a negative pulse (no reflection) on every rotation. If the screw hole had not
existed perhaps black cloth electrical tape around the periphery of the rotor leaving a gap between the ends
would have worked and maintained the “positive” high reflection pulse.
The point of these discussions is to illustrate that there are probably dozens of solutions available using the
four characteristics of the fiber optic system available to get the always important once per revolution signal.
As a review, the variables that you can work with are:
1. Probe tip gap
2. Probe tip angle
3. Light vs dark (positive true)
4. Dark vs light (negative true)
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