 The distance between centers

In production of electronics there are many important variables, not the least mechanical variables. For example, a printed circuit board (PCB) consists of different conductor patterns that need to coincide with each other, there are a large number of holes that need to be drilled in exactly correct position to fit the soldering area (land), etc. The production unit is often a large panel, consisting of many boards, which requires tight tolerances.

A board also contains holes that need to fit to frames or housings or fixtures for e.g. the manu​facturing of telephone sets. In an assembly we have the fitting or placing of the components on the board, etc. These measurements, and their variation, can be studied in the context of combinations of variables which can be done either as a purely mathematical way or as a simulation or as a combination thereof.

If we look at the distances between centers of e.g. the hole and the soldering land on a PCB, we work with a variable that is a non-linear combination of deviations in the X- and in Y-directions. The distance between holes is then calculated using the Pythagorean theorem (see also the docu​ment 'Combinations of variables.doc' on our homepage). If the X- and Y-deviations are normally distributed with mean 0 and common sigma, the radial distance is distributed as a so-called Rayleigh distribution. (See e.g. 'Rayleigh on the radio.doc' on our homepage.)

The macro %Hdist can be used in order to understand how different values of the para​meters (mean value or sigma) influence the proportion outside the limit. If you change any of the mean values the hole or land will shift accordingly. At the first run the default values of the para​meters are used. After that it is possible to change any parameter for the subsequent runs of the macro. By running different values of the means and/or sigmas, it would be possible to plot the proportion for better understanding.

This macro, including some other similar ones, was a tremendous help when we was working in the PCB-industry. Then it helped us to convince engineers, technicians, supervisors, etc about the importance to decrease the variation in every step. ■
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