Technical Abstract

Figure 1 illustrates a “typical” compensation made by the surface DRO (Dynamic and static). In this case, the nominal surface is shown as the dashed blue line. The actual part surface is shown as the solid red line. 
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One may look at this drawing and think it’s obvious that the deviation is negative, however, keep in mind that it does not indicate which portion of the model is “solid”. If you were to flip this image upside down, (ignoring the text) you would think the deviation is positive (too high). This is the same situation we encounter in CAM2 measure. Since CAM2 does not recognize solid models, simply boundaries, it has no way to know which direction to treat as “positive”. Without compensation points (described below) the surface DROs cannot make a determination regarding the sign of the deviation, and therefore always report the value as positive.
Standard measurement routines such as Measure Point Inspect Surface, and the polyline scanning commands require the user to take a compensation point. This point is then used to determine which portion of the model is “solid” for that surface. We are then able to indicate positive deviation when there is too much material or a “bump”, and negative deviation when there too little material, or a “dent”.
All surface tools and measurements (including the DROs) always compensate along the normal of the nominal surface nearest the probe. This is shown as the small arrows passing through the probe center in Figure 1. Since CAM2 Measure has no way to know which direction is “out” from a given CAD model, it must treat this normal as a double-ended vector. 
As shown in Figure 1 this normal intersects the probe edge at two points. The distance from the nominal surface to each of these possible contact points gives two possible deviations to report, A and B. One of these two points will always be the point of contact between the surface and the probe. Determining which of the two possible points of contact is the REAL point of contact creates a possible inconsistency when reporting surface deviations with the surface DROs. Standard measurement commands do not suffer from this inconsistency due to the compensation point telling the routine the approach direction, and therefore the true point of contact.
In order for the surface DROs to resolve the ambiguity of which point to treat as the true point of contact with the part, without the aid of a compensation point, the following assumption must be made. 

In order to guarantee the accuracy of the deviation reported by the surface DROs, the deviation from your part must always be smaller than the radius of the probe used. 
This implies that when using a 6mm probe, you can only be guaranteed that the deviation will be correct as long as it is less than 3mm. A 1.5” SMR can be used for deviations of up to .75” and so on. That is not to say the reported deviation will ALWAYS be wrong, just that there is the possibility. See the next section for an explanation of how the deviation is calculated.
Calculations

The abstract explanation given above is much more complex than the actual calculations going on behind the scenes. In short, the deviation is always reported as the deviation from the center of the probe to the surface, minus the probe radius. The following steps are used to arrive at the final value:
1) The center point of the probe is projected on to the surface (nearest point projection). 

2) The 3D distance from the probe center to the projected point is calculated (Pythagorean calculation)

3) The probe radius is subtracted from the 3D distance calculated in step 2 and reported as the final deviation.
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This method of calculation (necessitated by the issues discussed in the technical abstract section) implies that the smallest of the two deviations shown in Figure 1 (Deviation B) will be reported. As long as the assumption made in the above section remains true, the correct deviation will be shown.

Figure 2 shows one possible situation where the wrong deviation can be shown. Since the defect in the surface is larger than the probe radius, we are no longer satisfying the caveat described above. However, the steps to compute the deviation will remain the same. In this case, the smallest deviation does not give us the actual point of contact between the probe and the part. The smallest deviation in this case is Deviation A. The illustration clearly shows that this is not the deviation we want. Since the surface DRO does not have the advantage we do of being able to “see” where the probe actually contacts the part, it must blindly report Deviation A as being the current deviation from nominal. Again, this problem does not exist in standard surface measurements since the point of contact is indicated by the user through the use of a compensation point and there is no ambiguity to resolve.
Summary

When comparing the values reported by a surface DRO (dynamic or static) to a standard surface measurement in which the user takes a compensation point. Keep the following points in mind:
· The 3D deviation reported by the surface DRO will always be positive. 
· In order to guarantee the accuracy of the deviation reported by the surface DROs, the deviation from your part must always be smaller than the radius of the probe used.
· When the above assumption is not true, the smallest of the two possible deviations will always be reported which may or may not be the actual deviation from the surface.

· When in doubt, always use a standard measurement command such as Measure Point: Inspect Surface to report the deviation of your part to a nominal surface.
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A = Probe center point


B = Projection of point A to the nominal surface


Reported Deviation = ((3D Distance from A to B) – Probe Radius)











