QUANTIFYING PRECISION MECHANICS
TERMS USED IN QUANTIFYING MECHANICAL SYSTEMS
LISTED IN ORDER OF HOW EXPENSIVE EACH IS TO ACHIEVE.

THEORETICAL RESOLUTION
This is the calculated smallest move a system can make. For instance, if you have a 4000-count rotary encoder on a 5 mm/rev
ballscrew, then you could divide 5 mm by 4000 counts to get a theoretical resolution of 1.3 microns. But this is only theoretical. You
may or may not actually be able to make that small of a move due to the difference between static and dynamic friction.

ACTUAL RESOLUTION
The smallest actual move that could be made, taking into account friction and pre-load. With low- friction mechanics such as airbearings, cross-roller bearings, ball bearings, but more importantly, linear motors rather that ballscrews, this number can be quite small,
but rarely reaches the theoretical number.

UNI-DIRECTIONAL REPEATABILITY (PRECISION)
The ability of a system to go to the same spot over and over from a single direction. Lets say in the above mechanical system you
command the system to go to a position, from zero, of 100 mm. It calculates the number of encoder counts and goes that number of
encoder counts. In this case since it travel 5 mm/rev, you need to command 20 revs x 4000 counts, or 80,000 counts. But this term is
not too concerned with where you landed the first time. If you marked that first landing spot, go back to zero, then back to 100 mm, and
measured how close you came to the first spot, that would be the uni- directional repeatability. Statistically, to get an actual spec, you
need to tell the system to go to lots of different spots lots of times, and then do a statistical analysis of those results, and different
manufacturers do this analysis differently to be able to publish good-looking values.

BI-DIRECTIONAL REPEATABILITY
Same as above, except you must run the test approaching the commanded spot from both directions.

ACCURACY
There are a few specific types, and they interact with each other, but they all have two common aspects.
1) Accuracy defines how close you came to your desired target the first time. 2) Accuracy is almost always based on the mechanical
part in the system.

POSITIONAL ACCURACY
If you tell the system to move to position 100mm, positional accuracy defines how close it comes to 100mm along the axis of travel. (for
instance, 100mm +/- 4 microns). It is necessary to also define the distance over which this is measured, for instance, +/- 2 microns per
50 mm. One other often overlooked thing - your positional accuracy is only as good as the repeatability of your starting position!

STRAIGHTNESS/FLATNESS
This begins to measure where you landed in 3-d space, rather than just along one axis. The further the load is from the center of axis of
travel the more this has an impact on positional accuracy. To actually do the calculations, you must know the angular errors of the
stage over its complete travel distance (non-trivial). Those angular errors also affect the repeatability of the stage. This is the most
expensive specification to obtain.
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