Minutes of the T24 STEP-Manufacturing Meeting

June 23-26, 2003

The meetings of ISO TC184 SC4 and SC1 were held at the Kongresshotel Europe in Stuttgart Germany. The meetings took place 23-26 June 2003. The first three days comprised the SC4 meeting, and the final day comprised the SC1 meeting. 

STEP manufacturing is principally made up of Application Protocols (AP) 219 for inspection, AP224 for manufacturing features, AP238 for feature-based process plans, and AP240 for process requirements and job routing. The group reviewed the status of each.

AP219

STEP consultant Bill Danner gave a review of AP219, which is owned by Ted Vorburger of NIST who could not make this meeting. The New Work Item ballot for AP219 closed 20 June and was approved. A preliminary harmonization with the Dimensional Measuring Language (DML) has been done and should be complete by August 2003. A test part for AP224 has been toleranced to support AP219 by Curtis Brown of Honeywell. Len Slovensky of Northrop-Grumman is working on a mapping to the STEP integrated resources and should be done by the fall. AP219 is slated to be published as a NISTIR in the fall as well. 

Later in the week Bill gave a short description of the three types of harmonization to clarify some misunderstandings. First there is harmonization through mapping between requirements. These mappings are done in natural language since requirements may be expressed in very different formats. Examples including harmonization between AP219 and DMIS, where AP219 is defined in the EXPRESS data modeling language and DMIS is defined in an ad hoc format. The second type is the harmonization of STEP ARMs. Here the items being harmonized both reside in STEP. The format is a usage guide, describing data producer/consumer relationships, an application activity model and conformance classes. The third type is the extraction of common elements of STEP ARMs into Application Interpreted Constructs (AICs), for example AIC522 that resulted from AP214 and AP224 feature sets. Bill emphasized that integration is a two-way street: an application must be prepared to receive unneeded STEP data and deal with it gracefully, e.g., ignore it; integration is not picking and choosing what you want from STEP. 

AP224

Len Slovensky reviewed the status of AP224 Edition 3. New in this edition are explicit base shapes, useful for describing the initial shape of part, for example castings or hog-outs. New gear types have also been added. Alan Crawford of LSC in the UK reviewed a naval stores inventory of 6,000 gear items, and determined that more than 50% by value are typical spur gears, 20% are helical, and 30% are a mix of other types. Gears were often pointed to by suppliers as a feature not handled by AP224 and thus preventing them from complying with requirements to use this AP. With Edition 3, many fewer waivers are expected. 


Len described how his client SCRA generates AP224 parts. An operator designs the part using Pro/E at a CAD workstation. SCRA has their own Pro/E software extension that lets the operator specify what AP224 feature has been drawn, for example by grouping geometry elements and then specifying that they make up a pocket. AP224 is then exported. 

AP238

Martin Hardwick of STEP Tools reviewed AP238, the AIM mapping of the ISO 14649 ARM for feature-based working steps for machining. A preliminary DIS is expected by the fall meeting, final by the spring meeting. The main comment on the CD ballots concerned ARM-like requirements not found in ISO 14649, e.g., product data modeling entities, advanced surfaces, probing and feature volume removal boundaries. The current plans for U.S. STEP-NC development is the STEP Tools milling deployment ongoing through November; and the beginning of turning model implementations from December through May 2004.  


Martin reported on the demonstration of McDonnell-Douglas/Boeing surface definitions using McD-D/B’s “AIMS/PE” parametrically-defined surfaces. This is the work of Tom Melson over many years at McD-D, in which parametrically defined surfaces are encapsulated with access functions that let systems pick off points and normal vectors across the parameterization, without knowing the explicit surface definition. Indeed there may be no such explicit definition. For end users this has the advantage that they do not have to divulge their proprietary surfacing algorithms to suppliers. The idea is that a DLL or some sort of executable would be passed, and then queried according to a standard API for the points and normal vectors of the proprietary surface. The proposal to incorporate this into AP238 was approved and Martin will report on this at the fall meeting. 

AP240

Len Slovensky reviewed AP240. A CD ballot resolution meeting was held just prior to this meeting. Notable for NIST was the rejection of Tom Kramer’s suggestion that the AP be split into three parts, reflecting our experience with hierarchical process planning as done in FBICS. This was not a surprise since it would have been a substantial change. There will be an AP240 workshop in Sapporo Japan August 12-14, comprised of a full model walk-through, ARM and AIM review and mapping table development. A DIS ballot is expected in September 2003. 

ISO 14649 v. AP238 Debate

The debate on CNC implementation of ISO 14649 ARM data or AP238 AIM data continues. The Germans, Swiss and Japanese believe that AIM data can’t be handled by CNCs in real time. No AIM implementations exist so no comparison between implementations can be made, but the belief is that AIM data is more complex so it can’t be implemented. NIST volunteered to do a dual implementation, ISO 14649 and AP238, using the EMC. 


Efficient execution is critical for some industries. For example, some companies don’t even use G code canned cycles since even these take too long to execute. Unacceptable penalties include the time it takes to load a program, reprocess the same feature for multiple passes, etc. The test case described was the drilling of lots of holes. Some of this can be handled with optimizations (such as caching loaded programs at startup so they can be reloaded immediately on systems that switch between programs frequently). 

This points out the need for conformance classes. Two conformance classes have been proposed: one without the requirement for handling solid model AP203 geometry, which would make the pro-14649 team happy; and another for full STEP data that would make intelligent manufacturing people happy. Martin agreed to present some recommendations at the next meeting. 

AP238 Benefits

Martin presented his results from the NASA JPL test, which showed a reduction in programming time from 105 minutes to 15 minutes. The 105 minutes included the time for the operator to read AP203 geometry into GibbsCAM and do traditional CAM programming to generate G codes. The 15 minutes included the time for the operator to read an already-prepared AP238 process plan into ST-Machine and then generate G codes. Jochen Wolf pointed out that this is not a fair comparison, as the time to prepare the AP238 file should be included in the 15 minutes. In this case the AP238 is the macro-level process plan, e.g., no toolpaths yet, just working steps. 

The real benefit of AP238 comes in when it is used as an input format to the CNC, not as a CAD-CAM exchange format which has limited value as conveying macro-level process plans. 

STIX Demo

Martin Hardwick demonstrated a Visual Basic/COM application that used the STEP Indexer (STIX). The demo showed how an AP238 input file can be quickly parsed into structures that are efficient to operate on, similar to ISO 14649. STIX resulted from the complaint by developers that dealing with AP238 AIM data is more difficult than dealing with ISO 14649 ARM data. The software is open source, although due to the dual-use commercial and noncommercial licenses STEP Tools wants third-party extensions to be forwarded to Dave Loffredo at STEP Tools for incorporation. 

TurnSTEP Demo

Prof. Suh of POSTECH presented his TurnSTEP architecture, which uses AP203 geometry and ISO 14649 process plans for CAM/CNC. This is quite a comprehensive system and an excellent environment for testing that ISO 14649 Parts 12 and 121 satisfy turning data requirements. They plan on updating this system to reflect recent updates to Parts 12 and 121 and to improve their CNC for more advanced functionality. This functionality includes automated setup, tool measurement and online machine monitoring. It is unclear that these new functions are not representable in today's G code offerings, i.e., there are proprietary vendor extensions to G codes that do all these things now. Martin Hardwick noted that the system uses both AP203 and ISO 14649, and suggested that it would be easier to have these associated in an AP 238 file. This would reduce the requirement for repeated feature recognition. 

New Integrated Resources

The pro-14649 team believes that the STEP integrated resources could be updated to include the manufacturing items specific to AP219, AP238 and AP240. This would make the mappings easier and more straightforward, and simplify programming against AIMs. Martin Hardwick and other STEP experts believe that this is not necessary, since the AP238 AIM has proved that a mapping is possible. The AP-238 AIM author Dave Loffredo feels that no changes to the IRs are needed. If new IRs were to be added and a mapping redone, it is unclear whether the pro-14649 team would agree to AIM-only implementations anyway. 

Casting AP

Len Slovensky reviewed AP223, Exchange of Design and Mfg Product Info for Cast Parts. TACOM is newly interesting and the standard has been restarted after being made inactive by ISO. AP223 covers product specifications for casting purchases, patterns/die mfg, process design, modeling and simulation. The standard is complete: AAM, ARM and AIM; but it never went to ballot. Currently Len wants to update AP223 to fit better within the overall STEP Mfg architecture and AP203, AP219, AP224, AP238 and AP240. For the next meeting, Len will present the ARM requirements. TACOM will start funding in early 2004, at which point the work will begin in earnest. 

ISO 6983 ( ISO 14649

Dr. Sakamoto's researcher Dr. Fumiki Tanaka reported on his system that takes ISO 6983 G codes and converts them to an equivalent ISO 14649. This system looks at the NC code toolpaths and generates explicit ISO 14649 toolpaths, something that feature recognition on a finished solid model would not be able to do. A fully mature system would have to handle all the NC code dialects, cutter compensation G codes, etc. Nevertheless this type of system is valuable to resuscitate the tens of thousands of NC programs a large facility keeps on file for business or regulatory reasons.

Regarding regulatory reasons, the FAA requires that aircraft manufacturers keep the NC code and the NC machines for the life of the aircraft (at least the participants believed some requirement of this sort exists). STEP has the potential to enable high-fidelity simulations that could replace actual machines and hold up better over time for post-mortem analyses. The FAA should be approached to get their viewpoint. 

AP219 Ballot Results

Germany and Switzerland agreed to vote "yes" on the AP219 participation, and the U.S. agreed to participate in the ISO 14649 Part 13 (EDM) review. The group agreed that CMM vendors need to buy in to AP219 and at this point they are endorsing the I++ standards. End users influence vendors and it is incumbent on T24 to encourage end users to buy in to the "STEP in, STEP out, STEP throughout" philosophy and influence vendors accordingly.

Overview of Turning Model Revisions

Prof. Suh discussed Tom Kramer's comments on Parts 12 and 121. Version 11 includes these changes. Prof. Suh will forward the description of comment handling to Tom, and the new Version 11. Some highlights:

· use the name "through_tool_coolant" for both mills and lathes

· the reduced depth should be described as a fraction, not a percent, and it should be restricted to the range 0..1 with a where rule and descriptive text describing this restriction should be added

· cut in description was clarified, with requests that the phrase groove be replaced with "cut in", the phrase "without regard to gouging" be appended to the description, and that the figure showing the internal corner cut-in be enlarged or otherwise clarified to show the ignoring of the gouge condition

· revolved round radius was agreed to be overconstrained, but no improvement could be determined and AP224 may be impacted as well. Tom should review and make a suggestion to the text and figure. 

Review of EDM Model, Part 13

Mr. Glantschnig still needs one more vote to approve the CD, the U.S. vote being conspicuously absent. He will send Fred Proctor a list of possible reviewers in the U.S. Fred will attempt to find U.S. government experts who may be able to review the CD. 

Ian Stroud gave a presentation originally given last week at a meeting of the IMS project on wire EDM. The presentation showed excellent graphical depictions of technical issues in wire EDM, covering ruled surfaces, parameterizations and other items that make EDM different from traditional material removal processes. CADCAMation is the principle vendor participant. 

Detailed Review of AP240

There continues to be scope conflicts between AP238 and AP240. In Dr. Sakamoto's presentation on AP240, he showed the ability to represent toolpaths, feeds and speeds in an AP240 file. This is clearly in the scope of AP238 and a lengthy debate failed to separate the scopes cleanly. One view of the sequence is:
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One possible resolution is to combine AP238 and AP240 into a single AP. This would exacerbate the disagreement over AIM v. ARM execution on a CNC, since the AIM is now even bigger. Martin Hardwick pointed out that our current strategy for handling this, conformance classes, would also handle this. 

Miscellaneous

Stephen Newman of Loughborough University brought up Mazak's feature-based CNC and CAMware, popular feature-based programming tool and hi-fi simulation. Stephen emphasized the need to be able to do hi-fi simulations offline, a requirement that is better supported by AIM-based CNC data exchange. 

The next SC4/SC1 meeting will be held in Poitier, FR 27-31 October 2003. 

