Three Flavors of On-Machine Measurement

Introduction
Typically, purchasers of spindle probes buy them for one of three reasons: 

· To perform simple checks of part geometry and as an aid in setup


· To perform in-process evaluations that do not require direct interaction between the machine tool and the measurement software but do require sophisticated metrology capabilities


· To perform checks that require both sophisticated metrology capabilities and direct, bi-directional communications between the measurement software and the machine tool’s controller

In this paper, we will examine each approach by looking at the benefits and drawbacks of each in terms of usability, capabilities and ease of use.

The basic solution
Most purchasers of spindle probes do not expect to use them in any sophisticated metrology applications. Rather, their intention is to use them as an aid in part and machine setup and to make simple checks on basic geometries. For setup, they will generally measure a few features and use them to set their tool and work offsets. In checking geometry, they will use their probe to check a few features to make sure nothing is grossly wrong. For the heavy-duty metrology and reporting, they will rely on CMMs.

What is truly important to this category of use is speed and accuracy. These operators need to get their checks done quickly, and to know they can rely on this data to make basic manufacturing decisions. That is why this category of on-machine measurement may require software that is both easier to use and more robust than the probing macros typically supplied by probe manufacturers. At the very least, on-machine probing software should isolate machine operators from the complexities and potential errors associated with manually entering data into cryptic macro calls. In addition, algorithms employed by the probing macros should conform to current metrology standards and fully control how the software takes its measurements.

To meet these needs, metrology software manufacturers are developing easy-to-use products for spindle probes. These typically include icon-based GUIs and table-driven data entry routines that make it easy for operators to select and set up probing sequences and measurement evaluations. The best of them include certified algorithms for evaluating measurement data and give operators control over the placement and density of probe touches. In addition, these software products may provide the users with the ability to format and produce basic tabular reports, to save probing sequences for subsequent use and to save measurement information for additional analysis by other software. 

The Middle Way
For most users of NC probes, a good set of basic capabilities for measurement and setup is all they will ever need. There are others, though, who need access to a richer set of metrology capabilities for on-machine measurement and analysis. They intend to use on-machine probes for such tasks as analyzing machine performance, measuring large parts that are either impossible or very difficult to measure on a CMM, calculating complex alignments or using SPC software and other analytical tools to monitor the quality of their parts as they are made. For them, the features, functions and flexibility that are typical of advanced CMM software offer the best solution.

However, this does not necessarily mean that they want to run their machine tools as if they were CMMs. In fact, this could be more of a drawback than an advantage. What they do need is software that offers a range of metrology tools that allows them to develop part programs, execute them, analyze them and report the results with a minimal impact on their manufacturing processes.

To meet this objective, some CMM software developers have adapted their core software to the on-machine measurement environment.  These new products limit the amount of work done on the CNC machine to the actual probing of the part and the outputting of the data into a file. Everything else happens off-line. These vendors have modified their off-line programming packages so that they generate the G and M codes needed to drive spindles probe, and they have modified their analytical and reporting engines so that they can access and then evaluate the point files in batch format as they come from CNC machines. This software runs on a workstation divorced from the machine tool so that it does not affect machine throughput.

Because this type of on-machine measurement product deals with data in batches, it offers the advantage of being able to concurrently manage and analyze the data coming from a number of machine tools.  Once these users have purchased the core software system, they can add additional CNC machines to it at a minimal, incremental cost.   Properly configured, these products produce probing sequences flavored for the specific machine tools on which they will be used. In addition the analytical engine is capable of recognizing which machine in a network a data file has come from and of matching that data with the appropriate part program. The only factor limiting the number of machines this type of on-machine measurement system can support is the volume of the data flow coming from the machine tools. 
CMM-Like Operation
Some applications, in addition to requiring a full range of metrology functions, demand a direct connection with the machine tool. While these applications are similar to those described above, they also allow for modification of part programs as they execute. This makes it possible to take advantage of such functions as iterative alignments, relative measures and adjustments to program execution based upon conditional statements.   

In these cases, the measurement software must remain in direct bi-directional communication with the machine tool as programs execute. This is very similar to the way that CMMs operate, and the software that CMM software vendors offer for these cases is typically a direct adaptation of their standard products. It is even possible to compensate the machines both for volumetric inaccuracies and for temperature as if the machine tool were a high-accuracy CMM.

The advantage of having interactive measurement software running on a machine tool is that users can, in essence, do almost anything that that can be done on a CMM. With the exception of manual operations, which are cumbersome, the measurement software behaves much as it does on a measurement machine, allowing full access to the power and capability of the core product. 

The level of communications inherent in required by this mode, however, results in a significant disadvantage. Whenever this type of on-machine measurement software is running, the machine tool cannot be doing anything else. This is true not only when measurements are being taken but also while the software is evaluating data and generating reports. This has a negative impact on the time the machines spend “making chips” and is in sharp contrast to the way the batch oriented software works.

Another disadvantage of the interactive approach is that each machine tool using it requires its own copy of the software. Again, this is in contrast to the batch software in which users can network numerous machine tools to a single NC metrology system.  Given the significant differences in per-machine price, this is an important consideration.
Bottom Line
For most applications, the only thing needed is a basic set of measurement tools for locating parts, calculating offsets and evaluating basic geometry. The important thing is that they be metrologically accurate and easy to use.  

For more advanced applications requiring sophisticated metrology and reporting functions, the choice is between the capabilities of a truly interactive system and a system that does most of its work off-line. In specific situations, interactive systems are the only way to get the job done.  


Interactive systems do, however, have definite costs in terms of both machine productivity and product cost. Users must consider these carefully during the selection process, and, if interactivity is not truly a requirement, choose the batch-based system.
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