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Foreword

The development and implementation of STandard for the Exchange of Product model data (STEP) Standards is dynamic and on-going. 

This White Paper will concentrate on manufacturing requirements for product data exchange and how STEP technology can/should be expanded and implemented to address these requirements in the commercial and defense industries and their supply chains.  It will note those STEP Application Protocols (APs) that have achieved (or very soon will achieve) International Standard status and those APs that are currently implemented and have commercially available translators.  Primary emphasis will be on STEP AP’s and other related ISO Standards that address manufacturing.  We will discuss some of the projects in this area that have been or are currently being piloted, prototyped, or proved-out and identify areas that need to be addressed more robustly and those APs that need to be developed or expanded to meet these needs.  

A STEP Manufacturing Suite and its implementation architecture will be described and recommended in this White Paper.   The emphasis throughout is on the machined parts domain, since this area can be robustly implemented now using available STEP technology.  Other domains (e.g., gears, castings, electro-mechanical parts) will follow and the implementation architecture will be similar to that presented in this White Paper.

An attempt has been made to distinguish between what is “real” now and what is theoretically possible in the future and to identify some of the current obstacles and potential solutions to achieving the ultimate goal of STEP. (viz., to provide a complete, unambiguous, neutral computer-interpretable standard for representing product data throughout the lifecycle of the product.)
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Executive Summary
Purpose:
The purpose of this White Paper is to outline a STandard for the Exchange of Product model data (STEP) Manufacturing Suite of standards and an implementation architecture; both an initial suite and architecture and a long-term effort are presented. 

Content:

SCRA, under the sponsorship of the National Automotive Center, US Army Tank-Automotive and Armaments Command (TACOM), presents an initial STEP Manufacturing Suite (SMS) that can be implemented today and a long-term or “end game” suite that needs to be aggressively pursued.  These concepts were derived with the input of many countries and companies that participate in the International Organization for Standardization, Technical Committee 184 Sub-Committee 4 Working Groups as part of the STEP community.  Prominent in this group have been delegations from Canada, Germany, Sweden, Japan, the UK, and the US with notable company leadership by Boeing, General Dynamics Land Systems, LSC, Ltd., SCRA, and STEP Tools, Inc. 

In this White Paper, we concentrate on what has been done and still needs to be done in the area of STEP-enabled manufacturing in the commercial and defense industries to improve global commerce.  We indicate areas in STEP that are languishing and need to be completed and areas that have been completed yet need to be implemented in real-word production operations beyond pilot projects.  APPENDICES A, B and C contain further background information on STEP in the manufacturing domain.

STEP represents a much more powerful and robust technology beyond the limited production implementations to date.  The TACOM National Automotive Center STandard Exchange of Product Data (N-STEP) program is covered in detail.  N-STEP represents a practical and robust implementation of the STEP Manufacturing Suite as it evolves over time.  N-STEP includes a strong Research and Development component as well as an emphasis on fabricating production parts for the U.S. Army’s tracked and wheeled combat vehicles.  The initial focus will be on machined parts, since STEP and supporting Computer Aided Design/ Computer Aided Manufacturing technologies are very mature in this area.  Follow-on activity in N-STEP will include gears, castings, forgings, and electro-mechanical parts in the mix.

There is very little difference between the commercial and defense supply chains in terms of the list of potential areas of opportunity for improvements in design and manufacturing using STEP.  The challenge that lies ahead to fully leverage the economic power of STEP technology within commercial and defense industries is to move the technology into everyday manufacturing operations.  This White Paper serves as a pathfinder to make that happen.
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Introduction

This White Paper documents a STandard for the Exchange of Product model data (STEP) Manufacturing Suite (SMS) and associated implementation architecture.  Concepts derived from many companies and countries that participate in International Organisation for Standardisation (ISO) Technical Committee (TC) 184 Sub-Committee (SC) 4 Working Groups as part of the STEP community have been included in this paper.  Prominent in this group have been delegations from Canada, Germany, Sweden, Japan, the UK, and the US with notable company leadership by Boeing, General Dynamics Land Systems (GDLS), LSC, Ltd., SCRA, and STEP Tools, Inc.

The SMS is presented as an initial (Figure 1) and long-term architecture (Figure 7), based on the need to aggressively implement STEP in the manufacturing domain using technology available today and to equally aggressively pursue the long term or “end game” architecture.  Additional Application Protocols (APs) will be completed to International Standard (IS) status and implemented as soon as possible.  Various STEP APs that play a role in either the initial or long term architecture are explained in the section entitled, Developing the complete STEP Manufacturing Suite Architecture, and additional information is provided in APPENDIX A.

Finally, a robust Research and Development (R&D) and manufacturing production program, N-STEP, that implements the SMS, is explained.  N-STEP will be launched soon under the leadership of the National Automotive Center (NAC), who sponsored this White Paper.

The Initial STEP Manufacturing Suite

This paper defines the STEP Manufacturing Suite (SMS), initially for the machined parts domain with other domains (e.g., gears, castings, etc.) to follow.  This concept is applicable to both defense and the various commercial industries.  The broad concept presented in this section will be illustrated with a robust implementation example in the Tank-Automotive and Armaments Command (TACOM) NAC-STandard Exchange of Product data (N-STEP) Program section.  As shown in Figure 1, the SMS can be explained from several perspectives or layers:  Functionality, Standards, a Technology Example, and the classic Work Tasks performed for each function.  This concept illustrates the “primary work flow” that is implementable today, including part manufacture, using STEP technology through the Macro Process Planning function coupled with conventional Micro Process Planning and Parts Fabrication technologies that are widely available.  In the near term, STEP-enabled Micro Process Planning and Part Fabrication technologies will be available as well.  The primary work flow will also be expanded in the future to include STEP-enabled analysis and simulation, inspection, other product domains (e.g., castings, electro-mechanical parts), and Product Data Management (PDM) technologies.  This section describes the initial manufacturing suite leading to a more complete architecture to be implemented in the future (see Figure 7).

The Design function (see Figure 1) includes the generation of STEP product data for the design of new parts in the commercial and defense industries and the capture of legacy part data, a prevalent activity in defense and of some importance commercially as well.  There are several 
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options within the Design function to use STEP application protocols approved as International Standards (see TACOM N-STEP Program); however, AP224, Mechanical Product 

Definition for Process Planning Using Machining Features, is the clear choice for the primary path to optimize manufacturing downstream for machined parts.  AP224 is a design AP, but one with manufacturing product data needs fully considered and included.  There is no process planning content in AP224, only complete product data definition for use in process planning in the downstream factory.  What does the term “complete” mean for manufacturing?  It means feature based product data to define the part in terms optimized for and meaningful to the factory manufacturing engineer, such as pockets, slots, holes, outer rounds, chamfers, etc., not simply 3D geometry (lines, arcs, etc.).  It also means defining dimensions and tolerances fully associative to the 3D features and calling out such critical information as material type, surface finishes, key notes (e.g., break all rough edges) and specifications not only as free-hanging text but fully associative in the feature model.  Product data defined in AP224 format includes all the relevant data in a cohesive, feature-based model that the factory needs to manufacture the part correctly on the first pass.
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AP224 Edition (Ed)2 became an ISO IS in April 2001 (see Figure 2, AP224 on a page) and extended AP224 Ed1 to include assemblies of parts in addition to discrete parts.  Also, Ed2 added significant new form features requested by industry.  SCRA has fielded a Toolset that implements AP224 across the Design (viz., product data generation of new designs or capture of 

legacy designs), Validation (part of Design), and Macro Process Planning functions.  Other vendor products will follow, but a go-to-work system, already proven in the crucible of real world manufacturing, exists today.  This Toolset serves as one Technology Example of an implementation strategy for STEP in manufacturing.  

STEPTrans is an SCRA-developed Design and product data generation translator built upon Parametric Technology Corporation’s Pro/ENGINEER Computer Aided Design (CAD) system.  STEPTrans also includes Oracle as the Relational Database Management System (RDBMS) and generates product data for discrete parts and assemblies in AP224 Ed2 IS format.  STEPValidator, also part of the Design function, is used to validate the accuracy of AP224 product data,  virtually ensuring that complete and accurate product data representation is sent to Macro Process Planning in the factory.  Since this is a manufacturing oriented system, “validation” includes syntax, structure, and schema checking for AP224 Ed2 compliance but goes much further to check the accuracy of 3D feature attributes modeled in STEPTrans against the record version of the product data.  In producing over 500 operational parts used in defense forces with partner companies, SCRA had no STEP product data errors.  The use of a “complete” validation process, and STEPValidator, is a pivotal factor contributing to this success story.  

The Classic Work Tasks in Figure 1 gives the essential work agenda in each functional area that is available today.  In some sense, these Tasks must be satisfied by any advanced, STEP-Enabled implementation.  The Classic Work Tasks are included as a referent to the core experience that the reader would likely have by function (i.e., Design, Macro Process Planning, etc.), so that the role of the new STEP technology can be placed in the context of manufacturing experience.  As mentioned previously, the Design function is already mature with respect to standards development and available product.  The classic tasks of creating a design in a CAD system or, alternatively, capturing the established design of legacy data, then translating to AP224 Ed2 provides product data that exhibits the notable attributes that STEP provides:

· Complete quality data (reprocurement quality in defense industry)

· Accurate data for manufacturing

· Upwardly compatible to later changes in the standard

· Configuration management associativity

· Archivable files for very cost effective re-use

· Computer interoperable and CAD neutral

· Exchange from one product cycle to another

· Conformance tested and validated 

The Macro Process Planning function accepts product data from Design and begins the essential and complex data fusion process in the factory to perform the Work Tasks shown in Figure 1.  For machined parts, having product data in AP224 form feature representation defined from a manufacturing perspective greatly enhances the efficiency of the planner.  The design features are mapped to manufacturing processes usable by the factory floor.  Ideally, the output from Macro Process Planning will be represented in AP213, Numerical Control (NC) process plan for machined parts.  AP213 development has languished in the STEP community and is not at IS level.  However, there is considerable international support to complete AP213 as a feature based process planning protocol.  In the interim, STEP will be used as the input and in-process protocol and output will be in the format of the Computer Aided Process Planning (CAPP) system used.

The Technology Example shown in Figure 1 is STEPPlan.  STEPPlan is a macro process planning application and is built upon the production user interface of the ICAD SystemTM , a knowledge-based software engine.  It uses feature-based, computer-aided process planning technology to quickly generate process plans within a unique data fusion environment.  Unambiguous product data, shop resource information, and specific knowledge about a manufacturing operation’s processes and practices are combined to rapidly generate, from scratch, consistent process plans for a wide variety of machined parts.  The process plans are made up of reports for routing a part, a Bill of Material (BOM), process plan summary information, and tooling requirements.  The reports are used for quoting bids and shop floor tasking.  STEPPlan takes as input a mechanical part defined in the one or more of the following formats:  STEP  AP224 (the optimum data input), STEP AP203, Initial Graphics Exchange (IGES), or a paper drawing.  STEPPlan uses a model of the shop resources to assist the users, typically manufacturing engineers, in the creation of a process plan.  The shop resource model includes material, tooling inventories, descriptions, machine definitions, time standards, and process capabilities.  The user is also presented with a solid model of the part to be processed and a variety of screens containing information relating to the part definition, the shop resource model, and the process plan definition.

The Macro Process Planning Work Tasks, include the determination of the material needed (BOM), defining the sequence of routing operation steps for each needed manufacturing workstation, the time standards for each step (for machine loading and scheduling) and the operator instructions.  During macro planning, fixtures and machine tools are determined and ordered or fabricated.  The macro process plan is also used for computing estimated part cost.  All the metrics are available to develop an “accurate estimate” of part cost not a “guesstimate”.  This function is of considerable value both to the customer and the machine shop in the conduct of daily business operations.

The Micro Process Planning function accepts input from Macro Process Planning that essentially is a first cut at the process plan with considerable planning detail.  The strategy is to accept AP213 product data, which uses AP224 features, as the input to Micro Process Planning and this will be achieved as soon as AP213 is completed as a stable model and implementations are available on Computer Aided Manufacturing (CAM) systems.  The CAM system(s) will perform micro planning in AP238 format using STEP-NC methodology and output machine work steps directly to the sequence of shop floor machines selected in Macro Process Planning.  This technology is in the development stage at present and research grade demonstrations of feasibility have been completed for milled parts with turned parts to follow in approximately a year.

Prior to completion of the requisite STEP development efforts, the output from STEP-enabled macro process planning systems will be used in Micro Process Planning as input.  From Micro Process Planning forward to and including part fabrication, conventional methods will be employed.  Micro process planning covered in Figure 1 is primarily for NC routing operation steps.  In Micro process planning, each NC routed operation step is augmented with setup drawings, and NC programs for Computer Numerically Controlled (CNC) machine tools.  CAM systems are used to develop the cutter paths and post process the output to complete the NC programs for specific CNC controllers for these machine tools.  Lists of preset cutting tools, including their offsets, and detailed operator instructions for the NC routed operation step are prepared.

The Part Fabrication function on the shop floor will benefit markedly from the completion of AP238 (STEP NC) and its implementation.  In order to have seamless NC instructions in STEP AP238 format sent to sequential milling and turning centers, a new generation of shop floor machine controllers that accept the neutral STEP format will need to be designed and manufactured.  There is an on-going dialogue between representatives of the STEP community and the Open Modular Architecture Control (OMAC) community with GDLS in the lead.  The M & G Controller Codes will be replaced with protocols defined in neutral STEP format, which is a very significant improvement.  However, the notion of a fully automatic “art-to-part” system, particularly for a high mix of machined parts with complex features, will only be realized many years into the future.  What will be possible is a “STEP In, STEP Out, STEP Throughout” design to process planning to manufacturing system that requires a degree of human interaction.  Considerable metrics that have been documented with real parts manufacturing by SCRA [9a-e] and others indicate cycle time savings of 25% to 50% using the primary SMS (Figure 1), depending on part complexity and other factors.  This has huge implications to improve commerce on national and global levels across many industries.

The conventional execution of Part Fabrication is the last step covered in Figure 1 and this process will be used until the STEP development and implementation work is completed.  One of the NC routing operation steps is depicted.  Typically the operation begins with the operator studying the macro process plan routing operation step instructions, the part graphic, and tool list.  The operator then loads the cutting tools into the tool changer per positions specified in the tool list, downloads the NC program from the Distributed Numeric Control System (DNCS) to the machine’s CNC controller and inputs the tool offsets.  The CNC controller feed and speed overrides are optimized during the machining of the first part on the shop order.  The operator follows the operation and inspection instructions provided in the macro and micro process plans for the routing operation step in concert with machining each part on the shop order.

The Importance of Macro and Micro Process Planning

The Importance of Process Planning

This section is provided to emphasize the importance of including both Macro and Micro Process Planning functions in the SMS or any other advanced manufacturing system.  Frequently, those deeply familiar with software engineering aspects of computer-driven manufacturing systems and not necessarily with the art and science of manufacturing underestimate the complexity of the process planning function and over-simplify implementation plans.

Process planning is an absolute necessity for a small job lot and/or a custom manufacturing shop to manage and economically produce hundreds or more parts and related assemblies that are typically in process at a given time.  Without such plans, there is no documented or repeatable process for job lot shops.  Without documented process plans military, government and ISO-9000 quality standards cannot be met.  As work-in-process volume increases, the importance of process plans escalates exponentially.  A medium size manufacturer of custom mechanical products will typically have thousands of in-process parts to feed/meet parts orders and end product assembly orders.  Good process planning facilitates efficient production and is fundamental for systematic shop resource loading, shop floor control, shop scheduling, and cost control.  Without process plans, shop floor control is “hand to mouth” and delays quickly exceed productive time.  The output of process plans/routings is a store of process knowledge and experience that provides the manufacturing organization with a competitive advantage in bidding on new work.  CAPP helps in capturing knowledge and experience to facilitate continuous improvement.

Process planning encompasses the activities and functions to prepare detailed plans and instructions to economically produce products and parts, of the quality called for by the design.  Process planning begins with engineering drawings, specifications, BOM and product/parts orders or a forecast of demand. The process plan’s operation route steps define the work sequence and quantify the required work in hours for each machine or workstation.  The operation steps are used to dispatch work assignments, manage shop workload and provide for resource scheduling.  Process plans with operation route steps that are developed for the available manufacturing resources may include subcontracted operations.  The process planner needs engineering,  practical product and shop knowledge.  

Process planning for the manufacture of mechanical parts and assemblies has been a Manufacturing, Industrial and/or Production Engineering function for more than 7 decades.  The responsible manufacturing function varies with the size of the organization/shop.  A small shop (e.g., less than 10 persons in size) may use owner created, paper based methods to plan operation routing steps, shop load and schedules.  The personal computer (PCs) with Commercial Off-The-Shelf (COTS) software is used at many small shops to support process planning and shop resource loading.

Most manufacturing organizations (except some of the very small shops) have adopted computer-based systems for managing material procurement, shop order issuance and resource loading.  These systems are known as Manufacturing Resource Planning (MRPII) systems.  They have evolved to Enterprise Resource Planning (ERP) systems with the shop floor control applications evolving to Manufacturing Execution Systems (MES).  MES systems rely on the use of the macro process plan operation routing steps with standard times to organize workload and facilitate scheduling.  The operation routing steps with standard times are the basis for managing the shop load of parts and related assemblies in process at a given time flowing across many manufacturing resources. The assembly schedule and customer part orders dictate the required part/component completion or Required Delivery Dates (RDD).

Computer Aided Process Planning

CAPP began during the late 1960’s.  The development of computerized BOM systems and MRP systems began during the same period.  The BOM explosion for an assembly generates material and manufactured part requirements.  The explosion process includes electronically obtaining process plans from the CAPP files to issue shop orders for parts to be made.  Since the 1980’s these systems have been supported by CAD/CAM systems.  These systems are applications within computer integrated manufacturing (CIM) systems.  ERP, MRPII and MES systems use the operation routing steps and standard times to determine manufacturing resource load and to facilitate scheduling.  For manufacturing resource loading and scheduling, each resource has a past efficiency that is used to factor the operation routing step standard times.  

Many small shops are using PC based systems for shop loading, scheduling and tracking production.    Manufacturing management systems accommodate operation routing steps for all processes, including NC machines, manual machines and workstations.  The process plan’s use in the shop also provides for operator signoff to provide for process and quality traceability. During the past decade, process planning has been divided into macro process planning and micro process planning.  

Macro process planning translates design information into routing operation steps, operation times, operator instructions, material requirements, and tooling/fixture requirements for the effective manufacture of products.  Many shops use CAPP for the creation of macro process plans/routings.  The process plan’s routing steps with time standards quantify the work so that each manufacturing resource work load can be determined, prioritized and scheduled.  Time standards are expected production time.  The time standards may be based on standard time data, manufacturing cost history or may be experienced estimates.
The purpose of the macro process plan is to provide for: 

· Operation steps for loading and scheduling of each manufacturing resource (machine/workstation)

· Resource capacity planning

· Orderly movement of work-in-process throughout the Shop

· Orderly execution of the sequence of operation routing steps for the production of parts or assemblies across manufacturing resources (machines and workstations)

· Standard Cost of each manufactured Item

· Alternate resource operation routing steps for use when primary resource is overloaded or for substituted raw material size  

· An intelligent database for storing proven manufacturing processes 

It is important to recognize what a complete process plan includes, in order to provide the necessary information to a shop.  A process plan normally/traditionally includes (but is not limited to):

· Part Number and engineering revision number (key identity of the process plan)

· Part Name

· Material Requirement(s) [raw material specification or the BOM for assemblies]

· Engineering drawing(s), applicable graphic(s), or feature-based 3D models to support part manufacture and inspection 

· Operation/route steps for manufacture.  Each route step includes;

1. The resource identity (machine/workstation)

2. The resource location 

3. Setup time standard 

4. Per piece time standard

5. Manning requirement  (machines per man or required men per operation)

6. Tear down time standard (optional)

7. Tool/ fixture list

8. NC Program file identification (ID) (when applicable)

9. Reference to component design drawing number or graphics

10. Set up drawing(s) (when applicable)

11. Operator instructions (and references)

12. Quality Assurance (QA)/inspection instructions including acceptance criteria

Micro process planning details the individual routed operation step instructions, setup drawings, and includes the NC programming for CNC machine tools.  CAD/CAM systems are used to support the NC programming.  During the past decade there is also an increased trend to eliminate NC programming for popular part configurations through the use of master NC programs resident in CNC controllers.  These CNC controllers generate the NC program from operator selection of the part graphic and input of key part dimensions.    

Developing the Complete STEP Manufacturing Suite (SMS) Architecture

Discussions within ISO TC184/SC4 Working Groups have been taking place for several years with respect to STEP and Manufacturing.  AP224 has led the way in providing a standard to capture all of the information necessary to manufacture mechanical piece parts and assemblies. AP224 has achieved IS status for two editions of AP224, and the development of a 3rd Edition is about to be initiated to further enhance AP224 to handle gears in addition to turned and milled parts.  The AP224 Team has encouraged the completion of the development of STEP APs in other manufacturing related areas such as NC Process Planning (AP213), Castings (AP223), and Forgings (AP229). 

Interest now appears to be peaking in defining a STEP-Based Integrated Manufacturing Architecture.  The Japanese have documented (August 2001) an Application Activity Model (AAM) that has been discussed and refined over the past two years.  In addition, they have mapped STEP and ISO standards into the AAM. (See Appendix C.)   These are all very much in line with earlier presentations and papers prepared and discussed by Len Slovensky (of SCRA) in collaboration with other interested parties/national bodies.

Integrating Product Data Standards  (See [3] and [4].)
Today, manufacturing is a highly scientific, customer-driven, worldwide endeavor that is propelled and dominated by change. Customer demands for high-quality, low-cost products have forced manufacturers to increase the use of outsourcing and automated systems in their quest to become more flexible and reduce cost and improve quality. Also, the geographical separation of supply-chain partners has increased the need for rapid, accurate product data communication among automated design, analysis and manufacturing systems. 

ISO standards are important to the future of manufacturing. In the past, industry relied on such things as drawings, BOM, shop floor routings and cutter requirements in paper or raster-data format. Today, however, industry is rapidly advancing with the development of innovative, cost-effective manufacturing processes. These innovations require more intelligent data than paper or raster can offer; they require complete, intelligent product data information. 

STEP is becoming a major force in the accurate exchange of product data and will become increasingly important for rapid, cost-effective manufacturing of quality parts. 

STEP is a series of separately published international standards. Each defines product data for a specific domain or AP. Each STEP AP document defines the scope of the domain being standardized. For the manufacturing community, there are four STEP AP’s that are especially of interest.  One of these has achieved IS status, and the other two are still under development.

   •  ISO/IS10303-224, "Mechanical product definition for process planning using machining features," which is an IS.  

   •  ISO/DIS 10303-213, "Numerical control process plans for machined parts," which is a draft IS.

   •  ISO/WD 10303-219, "Manage dimensional inspection of solid parts or assemblies," which currently is a working draft. 

· ISO/WD 10303-238, “Application interpreted model for computerized numerical control” which is currently a New Work Item (NWI).  (It maps ISO 14649 into STEP.)

AP224, "Mechanical product definition for process planning using machining features"

Traditionally, whenever a manufacturer of machined parts receives technical data from either a CAD activity or from a purchasing organization it would contain inaccuracies, most likely incomplete, may be in a digital format but is not fully compatible with the manufacturer's own computer automated tools, or is not computer interpretable which means it does nothing to expedite the accomplishment of process planning activities.  AP224 resolves these problems with machine part information that ensures the design information being provided is 100% complete, accurate, computer interpretable and reusable.  AP224 contains all of the information necessary to manufacture the required part (see Figure 2):

· All necessary CAD geometry and topology in a neutral format;

· Machining feature information such as: hole, boss, slot, groove, pocket, chamfer, fillet, etc.;

· Dimensional and geometric tolerance information;

· Part properties such as: material properties, process properties, material hardness, etc.;

· Administrative information such as: approval, part name and id, delivery date, quantity, etc;

· The capability to handle both discrete parts and assemblies of parts.
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Figure 2.  AP224 on a Page

SCRA has extensively documented the validity of AP224. These efforts involved commercial manufacturing sites that produced many production mechanical parts from AP224 files. The evaluations of metrics collected during these prove-out studies are documented in reports [9b-e].

(For more information, see  http://isg.scra.org/products/step_ap224.html)

AP224 was published as an ISO standard in 1999.  A second edition, published in May 2001, expands the number of machining features and includes assemblies for manufacturing.  A third edition addressing gears is currently under development.
AP213, "Numerical control (NC) process plans for machined parts"

AP213, "NC process plan for machined parts", was approved as a NWI  in January, 1992. The Draft International Standard (DIS) ballot closed on September 26, 1996, with AP213 being approved to move forward to Final Draft International Standard (FDIS) status.  Comments from three countries (France, Switzerland, and USA) were received and incorporated into the FDIS document.  However the FDIS ballot was never started.  In 1995, SC4 passed a resolution that all APs must have an Abstract Test Suite (ATS) before moving forward to FDIS.  By this time most of the AP213 development team had moved on to new projects, and there was no manpower to produce the ATS313 document.  Development of this document has been idle since that time.

Today, there is renewed international interest in the AP213 standard.  Other APs and standards have now emerged in the field of manufacturing: AP224, AP214, AP219, and ISO 14649/AP238.  These standards are defining product data for "as designed" data for process planning, part inspection, and NC machine controllers.  With the emergence of these standards, companies are again interested in product data for process planning, and the AP213 standard.  

AP213 is now out of date.  It supports only geometry and not the more intelligent  machining features as defined by AP224.  It supports the reference to the old NC data and not the more intelligent workplan as defined by ISO 14649.  Therefore, if AP213 is to be moved forward as a standard, it needs to be updated to harmonize with these existing standards.

AP224 defines input to process planning, the complete 'as designed' information needed to create a process plan.  AP213, on the other hand, is data that is the result of process planning.  AP213 is the output from process planning that can support archives of process plans, or the exchange of product data between the macro process plan and the micro process plan (see Figure 3).  The macro process plan identifies the sequence of operations to be performed and the types of manufacturing resources required.  The micro process plan specifies the sequence of operations to be performed on each machine type.

The following are within the scope of ISO 10303-213:

· Information from the planning activity that is contained in the NC process plans for machined parts;

· Work instructions for the tasks required to manufacture a part, using numerical control, which include:

          1 - references to the resource required to perform the work;

          2 - the sequences of  the work instructions;

          3 - relationships of the work to the part geometry;

· References to standards and specifications declared in the process plan;

· Information required to support NC programming of processes specified in the process plan (This includes product definition, administrative data, machine, tooling, and material requirements);

· Information required to support in-process inspection specified in the process plan (In-process inspection includes such tasks as using gage blocks or performing a probing operation to verify the dimensional constraints placed upon the part);

· Shop Floor information specified in the process plan (Shop floor information containing such items as part routing, machine setup, and part loading instructions).
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Figure 3.  AP213 on a Page

AP214 "Core Data for Automotive Mechanical Design Processes"

This application protocol defines the context, scope, and information requirements for various development stages during the design of a vehicle and specifies the integrated resources necessary to satisfy these requirements. AP214 addresses the requirements of the automotive industry covering cars, trucks, busses, and motorcycles.  AP214 has a large scope that covers design, analysis, supplier data,  process plans, and much more (see Figure 4). 
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Figure 4.  AP214 on a Page

In scope items that are of interest to AP213 include:

· process plan information describing the relationships between parts and the tools used to    manufacture them and to manage the relationships between intermediate stages of part or tool    development; 

· product definition data and configuration control data for managing large numbers of variants of automotive products during the design phase;

· representation of the shape of parts or tools;

· data that pertains to the presentation of the shape of the product;

· representation of portions of the shape of a part or a tool by form features;

· references to product documentation represented in a format other than those specified by ISO 10303; 

(EXAMPLE:  Other formats include physical clay models, digital data in other standard formats such as NC-data encoded  according to ISO 6983, or text data encoded according to ISO/IEC 8879 Standard Generalized Markup Language (SGML).  Simulation data for the description of  kinematic structures);

· properties of parts, this would include surface finish, material properties and chemical properties of the raw stock; 

· physical characteristics that describe the size, type, and geometry of the tool; 

· data defining surface conditions;

· dimensional data and geometrical tolerance data.

AP214 was published as an IS in 2001.  AP214 and AP224 have done extensive harmonization.  AP214 uses form features, these features have been completely harmonized with AP224.  AP224 has many more features than AP214, but the features that are common are harmonized.  AP214  uses geometric and dimensional tolerances and test tolerances that are also used in AP224. Geometric and Dimensional tolerances have also been harmonized between these two APs.

The AP214 team has also worked closely with other projects, and has harmonized the AP PDM portion of their schema with APs like AP203.

AP214 also defines process plan information and references to other standards like ISO 6983. However it is not clear at this time if the process planning information is in the AP213 format. For example it appears the ability to define a sequence of process plans is not supported by AP214.
ISO 14649 "Physical device control--Data model for Computerized Numerical Controllers"

For several decades data for NC machine controllers has been defined by using ISO 6983 (see Figure 5).  This standard defined a series of "G" and "M" codes that define machine controller functions and motion.  ISO 6983 only has the capability of specifying basic motion and switch commands.  Instead of trying to modernize this standard, a new standard, ISO 14649, is being developed to handle the next generation NC machine controllers (see Figure 6).  
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Figure 5.  ISO 6983

The scope for ISO 14649 includes:

· Re-establish an accepted standard for the transmission of NC data to the shop floor;

· Provide motion control data based on geometric splines for sophisticated, high-speed NC cutting operations;

· Avoid intermediate data formats (CLDATA);

· Provide all necessary data for easy modification of NC data at the machine controller;

· Task-oriented data structure;

· Enable feedback of modified NC data from the shop floor to higher-level departments;

· Minimize the need for data conversion by using standards for geometric representation.
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Figure 6.  ISO 14649

ISO 14649 is referred to as 'STEP NC' because of it's interaction with ISO 10303. ISO/FDIS 14649, "Physical device control--Data model for Computerized Numerical Controllers" is a series of parts that are currently at DIS level.   ISO 14649 is defining product data input to a CNC machine controller using ISO 10303 geometry and AP224 features.  The AP224 features are used to define the shape for machine operations like boring, milling, or drilling.  The geometry and features are being tightly linked to the machining operation semantics.  The machine operation is also linked to process planning information about tools, fixtures, machine feeds and speeds. 

The STEP-NC milling Application Interpreted Model (AIM) model (ISO/Working Draft (WD) 10303-238) contains mappings for workplans, which are collections of machining working steps.  The AP214 definition of a Process Plan contains a collection of Process Operations, in the same manner as AP213 models contain Activity Groups and Activities, and STEP-NC models contain Workplans and WorkingSteps.  These mappings must be harmonized with the mappings of process plan elements in AP214 and AP213.  AP214 appears to be missing the capability to define a sequence of process plans.  AP213 maps process plan activities similar to STEP-NC workplan.  Harmonization here appears to be very achievable.

ISO 14649 defines product data input to a CNC machine controller using ISO 10303 geometry and AP224 features. AP224 features define product shape for machine operations such as boring, milling and drilling. 

Like ISO 10303, ISO 14649 is a series of parts; each addresses different CNC controllers. For example, Part 11 defines process data for milling and Part 12 will define process data for turning. The geometry and features are tightly linked to machine operation semantics. Operation is also linked to planning information on tools, fixtures, machine feeds and speeds.

AP219, "Dimensional inspection information exchange"

Industry is faced with numerous proprietary inspection languages and interfaces. This causes an overhead problem in maintaining multiple systems or locks users to one vendor. Few systems provide facilities for identifying and linking CAD systems and inspection systems. Currently, re-entry of inspection data is required. The National Institute of Standards and Technology (NIST) has held a series of workshops on inspection information exchange. A survey of industry representatives indicated that a standard for inspection information exchange is critical to their future operations.

In June, 1998 a NWI was submitted to approve AP219 as a new project within SC4. 

The new work item submitted the following scope statement: "This AP will specify information requirements to manage dimensional inspection of solid parts or assemblies, which includes administering, planning, and executing dimensional inspection as well as analyzing and archiving the results. Dimensional inspection can occur at any stage of the life cycle of a product where checking for conformance with a design specification is required."  

AP219 requirements include reference to 'as designed geometry' and 'as designed tolerances'. AP219 also requires inspection data from process planning.
So, how do all of these Standards fit together?

Harmonization is essential to the success of any group of standards. For example, AP224 defines machining features and their associated geometry. AP213 will use the same feature definitions to define the appropriate material-removal activity.  AP219 will use the same feature definitions to inspect the manufactured part relative to the "as designed" part. Finally, ISO 14649/AP238 will use that same feature definition, and join it with the machining operation for use by intelligent machine controllers. This harmonization creates common, unambiguous data for use throughout the manufacturing process. ISO committees are working to fine-tune the harmonization of these standards. 

ISO standards, such as ISO 10303 and 14649, are "enabling" standards that will contribute to new technologies such as CAPP systems. These systems will reduce the cost of manufacturing. At the same time, the accurate data interchange these standards define will improve product quality. 

Proposed AP213 for Manufacturing

AP224 is an international standard, published in 1999 (1st Edition) and 2001 (2nd Edition).  It contains implicit machining feature definitions, geometric tolerances, and dimensional tolerances that have been harmonized with AP214.

AP213 was started prior to the AP224 development.  At the time of its development, there was only AP203, "Configuration Controlled 3D Designs of Mechanical Parts and Assemblies".  This AP defined 'as designed' geometry, but without features or tolerances.  Therefore, the AP213 development team developed the AP213 model to use AP203 geometry to define 'NC part object elements'.  A generic definition for 'NC tolerances' was defined in AP213, but it did not support the ISO 1101 tolerances as used on all drawings.

Because of this restricted geometric and tolerance data, AP213 was not able to define process plan activities with any granularity.

The following are proposed changes to AP213:

1.  Enhance 'NC part object elements' to also include AP224 machining features developed in design.  This gives the process planning activities the 'as designed' data in a more granular format.  

2. Enhance 'Material removal' activity' to be sub-typed to more granular activities.  With the AP224 machining features being used by AP213, the material removal activity can be made more specific.  For example AP213 could define activities for "mill pocket", "bore hole", "plane part face", etc.  The addition of machining features will increase the intelligence added to the process activity.

3.  Enhance the support of both dimensional and geometric tolerances, again harmonization with the AP224 data that is input to process planning is required.

4. 
Enhance the validation activity to support tolerances.  Currently this activity is given geometry to be used for in process inspection, but the geometry contains no intelligent tolerance information, and AP213 can not completely define 'in process inspection'. If AP213 is enhanced with the AP224 tolerances the validation activity can be enhanced to support in process inspection.  The validation activity can be sub typed into more specific activities such as: inspection activity, in line quality assurance, or in process gauging activities.

5.  Enhance the reference to 'NC program' to support ISO 14649.  Currently AP213 references ISO 6983 files to define the NC program.  This is the traditional "M" and "G" code standard.  However there are soon to be new machine controllers that will support the new STEP style input.  These new machine tools will be using the ISO 14649 standard, which no longer defines an NC program but rather an NC workplan.  AP213 needs to be able to reference this new standard as well as support the existing ISO 6983.

6. 
Enhance AP213 to support the 2nd editon STEP Integrated Resource (IR) parts and to harmonize with the product data model.  To promote interoperability among application protocols, a naming convention of applied_xxx_assignment is being used by a number of application protocols, wherein xxx is the unique part of the abstract management resources entity name.  Further enhancements would be to investigate the use of STEP modules to support common requirements  between APs. 

 Harmonization of standards for manufacturing

There are now three ISO 10303 standards and one ISO 14649 standard to support the future needs of manufacturing.  However all of these standards efforts need additional harmonization  (See Figure 7).

All manufacturing standards need to be consistent and harmonize machining features, dimensional tolerances, and geometric tolerances for a successful exchange of product data throughout the manufacturing life cycle.

· AP224 defines machining features and tolerances as input to process planning. 

· AP213 defines a manufacturing process plan linking machining features and tolerances with the process planning activities. 

· AP219 defines the data for part inspection based on the AP213 process plan for inspection, and on the 'as designed' feature data from AP224.  

· ISO 14649/AP238 defines input to CNC machine controllers based on AP224 feature data, and on the AP213 process plan that will define tools, fixtures, and machine setup parameters.

· To ensure consistency, all manufacturing application protocols need to have the same product structure, they need to be harmonized with the current PDM Schema being developed within SC4.
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Figure 7.  Long Term Architecture for the STEP Manufacturing Suite (SMS)

Summary

AP213 needs to be a standard that can (1) define process plans for a family of machine tools, (2) be used to define a vendor base for out source machine work, (3) support in process inspection, (4) develop process planning activities based on 'as designed' info, (5) and create process plans 'on the fly'. These things can be achieved but the current AP213 standard needs to be changed.

It is proposed that these changes to AP213 be achieved through a second DIS ballot.  The proposed changes do not affect the AP213 activity model, no new activities are being added, and no additional inputs or outputs are being defined.  The data planning model based on the activity model also does not change.  More importantly the scope statement remains unchanged. 

One of the current AP213 in scope statements states: "relationships of the work to the part geometry".  This scope statement is the same, but now geometry would include machining features.

Another AP213 scope statement is "Information from the planning activity that is contained in the NC process plans for machined parts".  Again this scope statement would remain the same, but now the process plans for machined parts would contain more detail.

The TACOM N-STEP Program

The TACOM N-STEP program is set to begin in the fall or winter of 2001/2002 as a multi-year defense sponsored activity.  The successful realization of the N-STEP objectives, from early implementation of Phase 1 of the project in early 2002 through 2006, will result in a practical implementation of the SMS (See Figure 1 and Figure 7) as it evolves over time.  The N-STEP objectives are:

a. To successfully demonstrate that a STEP-enabled design, production, and lifecycle support environment for TACOM’s weapons systems is operationally feasible, culturally acceptable, and readily executable;

b. To successfully demonstrate that the use of STEP-formatted product data, in conjunction with the employment of effective PDM and Configuration Management (CM) capabilities, offers measurable reduction in component production times and costs over the use of current forms of data; and

c. To successfully demonstrate the responsiveness and cost-effectiveness of a multi-organizational, Web-based network of suppliers for delivering both production and spare/replacement components and assemblies in support of TACOM-developed combat and combat support systems.

N-STEP has a strong R&D component as well as an emphasis on fabricating production parts for TACOM’s weapon systems, both activities are STEP-centric and evolutionary.  The initial focus will be on incorporating STEP-enabled production of machined parts in support of one or two of  TACOM’s mainstream programs, such as the Abrams tank, the Interim Armored Vehicle (IAV), and for the M113 personnel carrier.  [Note: The term “machined parts” as used herein includes prismatic and turned parts normally fabricated in a machine shop, plus selective cast parts that require machining or can be more effectively supplied as machined parts.}  As shown in Figure 8, TACOM N-STEP Architecture, the initial participants in N-STEP, under the direction of the NAC, include SCRA as the prime contractor and project lead, CAMP with the role of generating STEP product data and serving as the reverse engineering experts, Focus:HOPE as a STEP-enabled manufacturing facility for fabrication and delivery of parts, GDLS as a STEP-enabled manufacturing facility, and Anniston Army Depot (ANAD) as a secondary STEP-enabled manufacturing facility for certain selected parts.
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Figure 8.  TACOM N-STEP Architecture

Initially, in Phase 1, the N-STEP Manufacturing Suite will follow the two path scenario depicted in Figure 9.  
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Figure 9.  N-STEP Phase 1 STEP Manufacturing Suite (SMS) Architecture

Path 1 leverages SCRA’s proven  (See [9b-e]) STEP-Enabled toolset integrated into the TACOM production environment.  The mechanical part design will be captured/created as a feature-based 3D model in Pro/ENGINEER, and, using STEPTrans, an AP224 file will be generated containing machining features, dimensions and tolerances, notes and specifications and material callouts.  In addition, an AP203 Boundary Representation (BRep) and an IGES drawing file will be generated as companion files.  The AP224 file will be validated, using STEPValidator, both for conformance to STEP AP224 and for  “true” representation of the part designed/captured.  Then the AP224 file will be read into the Macro Process Planning System (STEPPlan) where a Macro Process Plan will be created.  STEPPlan will pass along a BOM, a routing, cost estimation information, and tooling requirements, along with the AP203 BRep file, to a CAM System for micro process planning and traditional NC code generation using the AP203 3D solid model.  The NC Code, in turn, will be post-processed into NC milling/turning machine tools on the Shop Floor to produce machined parts and assemblies.   

Path 2 is provided initially to accommodate the participation of the Small to Medium Enterprises (SME’s) in a STEP-driven manufacturing environment.  SME’s most often have PC based CAD systems and CAM systems, most of which have only implemented STEP AP203 (or a subset of AP214) at this time.  Path 2 accepts AP203/AP214 input into the SME’s CAD system (e.g., AutoCAD) and allows for the SME then to use its existing direct CAD to CAM interface to accomplish NC Code generation and fabrication.  The SCRA Team has also proved-out this STEP-driven approach for SME’s and documented cost/time savings. [9a]

Phase 1 of the TACOM N-STEP Program is intended to put these proven STEP-Enabled tools and concepts into production within TACOM and a selected subset of their supply chain.  These tools will be integrated into TACOM’s WindchillTM  Integration environment.  WindchillTM  will also be used as the PDM/CM Tool and as the Work Flow Manager.

Phase 1 sets the direction for establishing the N-STEP “End Game” Manufacturing Suite Architecture (Figure  10).

In addition, a significant focussed R & D effort will be undertaken in the N-STEP Program to accelerate and to expand on the SMS described earlier in Figure 1 and Figure 10.  

Initial concentration will be directed toward developing AP213, as described in the previous section, and harmonizing it with the AP224 feature set.  An early prototype of STEPPlan producing AP213 output is part of the first phase of the N-STEP Program.

SCRA will work closely with the UK in the developing the third edition of AP224 that will include gears.  In addition, the Team will continue to follow the activities of and work with the ISO 14649 developers as they migrate from milling to turning machine controllers; this will include involvement in the development of AP238 which is the AP that maps the ISO 14649 Standards into STEP.  The Team will also follow the AP219 development activity as it moves toward STEP standardization. SCRA will be involved in maintaining/assuring harmonization of these standards with AP224 and the other SMS APs.  

The long term objective (i.e., the “End Game”) is described in Figure 10.  Product Design and Legacy Capture will be done in a feature based CAD system with Design for Manufacturability (DFM) intent.  The product definition will be passed on to a Computer Aided Process Planning (CAPP) in a robust STEP file, such as AP224 or AP214, capable of transferring all of the information necessary to manufacture the part (machining features, dimensions and tolerances, notes and specifications, material callouts, etc.).  Macro Process Planning will use that information to create the Macro Plan (BOM, Routing, cost estimation information, tooling requirements, etc.) and transfer the information on to Micro Process Planning via AP213.  Micro Process Planning would then define the worksteps of ISO 14649 for the machining operations and represent them in AP238 for transmission to the Shop Floor Controllers and NC Machine Tools for fabrication of the parts and assemblies.


Figure 10.  “End Game” STEP Manufacturing Suite (SMS) Architecture

(NOTE:  Although the diagram depicts machined mechanical parts, the scenario will be similar for gears, castings, forgings, PCA’s, etc).

In order for the “End Game” N-STEP Manufacturing Suite Architecture (Figure 10) to be realized, commercial products will have to appear with capabilities to use the evolving SMS standards  including the advent of  Next Generation Controllers (NGC’s).

SCRA will follow the advancement of NGC’s and work to bring about the commercial implementations of CAM systems to accept AP213 files and produce AP238 files and for NGC’s to be driven by ISO 14649/AP238 worksteps. 

As the N-STEP Program progresses, SCRA will implement early prototypes and encourage CAM vendors to implement the evolving standards.  Also, LSC, Inc. in the UK, under a cooperative effort with the Ministry of Defense (MOD), has developed an AP224-enabled process planner and use of this system is planned.  The SCRA Team will leverage some of the prototype work currently being done under the STEP-NC activity, in particular, the prototype AP238 translators for GibbsCAM and MasterCAM and the prototype ISO 14649-driven Bridgeport and Fanuc controllers. SCRA and the N-STEP Program will act as a test bed for proving out these products.

Also envisioned are the extensions of STEP and the ISO Manufacturing Standards to other application domains such as gears, castings, forgings and electro-mechanical products and manufacturing domains such as grinding and Electrical Discharge Machining (EDM).  Some of these areas have begun to be addressed in other (or earlier) projects.  It is anticipated that much of this work can be leveraged as a basis for achieving ISO Standards and commercially available software and hardware products that embrace the SMS Architecture.

PDM and Technical Data Packaging are important Product Life Cycle functions that will be integrated into TACOM’s Windchill Integration Environment as we move toward the “End Game” Architecture.  STEP AP232, expected to achieve IS status in early 2002, and the STEP PDM Schema/Modules will be used to achieve this capability.

SUMMARY

This White Paper has presented an approach for defining a STEP Manufacturing Suite of Standards and an implementation architecture for putting it in place.

We have described an initial view of STEP-enabled manufacturing and shown what parts of this suite already have been put in place and implemented.  We have indicated what still needs to be done to develop and mature STEP and other ISO Standards in order to achieve a more complete STEP Manufacturing Suite.  We have shown the role and importance of process planning (both Macro and Micro) and laid out a phased path to the “End Game” Architecture through the N-STEP Program complemented by other on-going activities addressing manufacturing technology advances for and at the shop floor level.

We have also indicated what advances need to occur in the technology (viz., CNC Controllers) and commercially available CAD/CAM software (viz., translators) in order to make this a reality.

The goal is achievable, and the N-STEP Program is moving toward that goal as one robust example of the STEP Manufacturing Suite in action.

***************

See the Appendices for additional information and details on:

1) The current status of STEP

2) STEP R&D Projects that Address Manufacturing

3) Manufacturing related STEP and other ISO standards, including Scopes

4) A STEP Manufacturing Suite slide presentation 

5) Selected slides from an Integrated Manufacturing Presentation

References

Documents

1. “STEP Application Handbook”, Team SCRA, June 1, 2000

2. “STEP Assessment Report”, Team SCRA, June 7, 2000

3. “AP213: Numerical Control (NC)  Process Plans for Machined Parts” (A White Paper for ISO TC184/SC4), L. Slovensky, K. Yee, W. Simon, June 2000

4. “Integrating Product Data Standards”, Len Slovensky,  Plant Services, August 2000

5. “STEP into Automatic Machining”, (STEP-NC White Paper), Martin Hardwick, STEP Tools, Inc., August 2001

6. “Integrated Manufacturing” , Yoshiaki Ishikawa (IHI), Chiaki Sakamoto (KEG), Manufacturing Working Group, Ecom, Japan, August 10, 2001 (A Presentation)

7.  “Manufacturing Application Protocols”, Len Slovensky, Team SCRA, February, 2000 (A Presentation at ISO TC184/SC4 Meetings in Melbourne, Australia)

8. ISO TC194/SC4 Database (on SOLIS @ NIST) (http://www.nist.gov/sc4)

9. SCRA RAMP STEP-Driven Manufacturing Prove-Out Reports: (with metrics) (http://isg.scra.org/products/step_ap224.html)

· a)  Final Report for STEP Driven Manufacturing at Small and Medium Manufacturers Pilot Project, DLA RAMP Program, Team SCRA, July 15, 1997.

· b)  RAMP Site Proveout of STEP Filesets Project - Phase 1 (June 8, 1994 - February 24, 1995)(Final Report-General Release), TAR2017005-0, RAMP Program, Team SCRA, (Reproduced & Distributed by USPro), March, 1995.

· c)  RAMP Site Proveout of STEP Filesets Project - Phase 2 (February 25, 1995 - July 17, 1996)(Final Report), TAB2017009-0, RAMP Program, Team SCRA, March 26, 1997.

· d)  RAMP Technology Transfer Pilot Program (Final Report), Texas Instruments Defense Systems and Electronics, November 21, 1996.

· e)  Rapid Acquisition of Manufactured Parts Pilot Project (Final Report), Team SCRA & Focus:HOPE, July 31, 1997.

10. “On-demand manufacturing of Printed circuit assemblies Using STEP (OPUS)”, W. B. Gruttke, W. B. Freeman, C. T. Lanning & K. D. Buchanan, EMI – Future EMS, April 1999.

11. STEP-Driven Manufacturing, CASA/SME Blue Book Series, John H. Bradham, 1998. 

12. STEP-NC Newsletters - 4 Issues – 2000 & 2001 (http://www.step-nc.org)

13. “Task Force Plan on Integrated Manufacturing for Mechanical Components”, Takeshi Kishinami, Hokkaido University,  Sapporo, Japan, November 30, 2000.

References

Websites

1. http://www.isg.scra.org  --- SCRA Integrated Solutions Group Website

2. http://www.steptools.com   --- STEP Tools, Inc., Website

3. http://www.step-nc.org  ---  ESPRIT’s STEP-NC Website

4. http://www.nist.gov/sc4 --- NIST’s SC4 SOLIS Website

5. http://www.ims.org --- IMS Website

6. http://www.nist.gov/rrm --- Rapid Response Manufacturing (RRM) Website

APPENDIX A

· A Look at Where STEP Is and Where STEP is Going 

· STEP R&D Projects That Address Manufacturing

· Standards by Name and Number and Scopes

APPENDIX A

A Look at Where STEP Is And Where STEP Is Going [1], [2]

Until the latter part of 1999, only 3 STEP Application Protocols had achieved published IS status (i.e., AP201 & AP203 in 1994 and AP202 in 1996).  Three additional STEP AP's (AP207, AP224 & AP225) were published as International Standards late in 1999.  Five additional AP's have reached IS status in 2001 (AP’s 210, 212, 214, 227 and the 2nd Edition of AP224).  STEP, the International Standard, has finally arrived on the scene.  An examination of the scopes and associated conformance classes of these 10 STEP AP's indicates significant coverage of several important application domains.   The standards represent considerable added capability.  However, the full capability of these standards can only be realized when the STEP AP's are implemented and available to the engineering and manufacturing community.
The scopes of the Application Protocols indicate the coverage of the various application domains. (See APPENDIX A for selected AP’s.)   Numerous pilots, prototype implementations, and prove-out activities have taken place (especially over the past few years) lead by groups such as PDES, Inc. and ProSTEP and internationally funded projects in Shipbuilding and the Process Industries as well as the RAMP Program.

STEP, in general use, still consists primarily of several conformance classes of AP203  and a small subset  of AP214 which is essentially AP203 with a slightly different set of configuration management (CM) data.  These are the AP implementations that most of the CAD/CAM Vendors have chosen to implement commercially to date. 

There are a limited number of production implementations of other STEP AP’s that involve part fabrication.  One example is the RAMP and United Kingdom RAMP (UKRAMP) implementation of AP224.   

Vendors have been slow to implement STEP AP's until the AP's have reached IS status and until the User Community (i.e., their customers) requests these STEP translation capabilities in significant enough numbers.

So, at this point in time (from a production user point of view), when "we" talk about STEP, we really mean AP203 and a small subset of AP214.   However, we are now at a point in time when many of the other STEP AP development efforts are coming to completion. AP232 is a "high profile" AP that has lots of "users" "waiting in the wings" for it to achieve IS status. STEP is more than AP203 and its "equivalents".  This puts the vendor community in a quandary --- what STEP AP's will they implement? These decisions will be "user"/customer driven! Strong business cases have to be established for the vendors to undertake this effort.  Some of these STEP AP's will get implemented "internally" within companies and shared with their supply chains in cases where the company feels that the costs are justified by the anticipated return on investment (ROI). 

A "commercially" available implementation of AP224 developed by SCRA has been available for several years and in production with the RAMP's process planning system at several sites.  This is a Pro/ENGINEER to AP224 translator.  This implementation is in use in the United Kingdom as part of the Ministry of Defence's UKRAMP Program and has been integrated with a  process planning system.  Currently, no other commercial or production implementations of AP224 are known.  Several vendors have indicated possible interest in implementing AP 224 (including PTC, SDRC, UGSolutions, and Tecnomatix); none have initiated development to date.  All are looking for a "business case" to arise.  Such a business case may arise based on an integrated SMS scenario such as that presented in this paper which includes AP213, AP219, and ISO 14649/AP238, none of which have achieved IS status at this time.

So, the question of when to use what AP and why depends, at this point, on the development status of the various AP's and their availability on the CAD systems of interest.  Most commercially available STEP translators address geometry and some configuration management data (AP203/AP214).  Some are now supplemented with "STEP" Application Modules (e.g., colours and layers, validation properties, associative text, etc.) in combination with AP203. 

The manufacturing domain presents itself as a domain in which significant savings can be attained by using STEP and related ISO Standards in combination.  STEP has matured to a robust enough level to aid in manufacturing.  There is, however, still a lot of work to do in order to realize the full power of STEP-Enabled Manufacturing.  There is a significant amount of work now underway in the ISO Community in developing/updating standards related to manufacturing.  (A description of their scopes can be found in this APPENDIX).

APPENDIX A, Continued

STEP R&D Projects That Address Manufacturing

There are several on-going Research and Development (R&D) projects through out the world that are addressing STEP and Manufacturing.

· The Rapid Acquisition of Manufactured Parts (RAMP) Project has been in existence since 1986 addressing standards driven applications for the manufacture of mechanical and electrical parts and assemblies.  STEP AP224 was developed and implemented as a part of the RAMP Program.  Standards driven applications were developed in an R&D environment and put into production at DoD Depots and several commercial sites.  This program was initially funded by the Naval Supply Systems Command (NAVSUP) and later by the Defense Logistics Agency (DLA).  The TACOM NAC is the current sponsor of the Technology under DLA’s Strategic Sourcing Technologies (SST) contract. Much of the work in the mechanical domain will be an integral part of the N-STEP Program under TACOM NAC  (For more information, visit http://www.isg.scra.org)
· The UK RAMP Program is an implementation of the RAMP technology in the United Kingdom.  This program has been in place since 1998 and is used in production.  It is funded by the UK Ministry of  Defence.

· The European Commission’s STEP-NC Program is funded by ESPRIT.  It is a highly visible Program with participants worldwide in Europe, the Far East and the United States. A primary objective of this program is the development and prove-out of the ISO 14649 standards as a replacement for ISO 6983:1982 and to eventually eliminate the use of the RS274D  M- and G- codes for programming NC Controller.  Participants include Industry, Universities and NC Tool Vendors.  The Program started in January 1999 and will end in December 2001.  (For more information, visit http://www.step-nc.org)
· STEP Tools, Inc’s  Super Model Project is the name given to the Model Driven Intelligent Control of Manufacturing Project and is funded under NIST’s Advanced Technology  Program (ATP).  Its goal is to “utilize the STEP-NC and other standards in order to develop an open database of all the information necessary to design and manufacture apart. “Related to this project is STEP Tools, Inc’s participation in the EC STEP-NC Project and their STEP-NC prototype demonstrations using STEP and ISO 14649 technology.  (For more information visit http://www.steptools.com)
· The Intelligent Manufacturing Systems (IMS) Program is a worldwide consortium addressing many areas in the manufacturing domain.  (For more information visit http://www.ims.org)  

· The Rapid Response Manufacturing (RRM) Program was a National Center for Manufacturing Sciences (NCMS) program in the early 1990’s funded initially by Defense Advanced Research Projects Agency (DARPA) and a later follow-on by NIST ATP.  It had an objective of modeling manufacturing resource data.  (For more information visit http://www.nist.gov/rrm)

Of these programs the STEP-NC Program has very high visibility and indeed is demonstrating the viability of driving NC Controllers using STEP “AP238” (an implementation of ISO 14649) via an OMAC Application Programming Interface (API) to an NC Controller.

The STEP-NC scenario has significant promise but leaves room for improvement.  Significantly missing from this scenario is taking advantage of a richer, more robust set of information from CAD and the generation of a macro process plan.  Many/most modern CAD systems are feature based and provide the capability of designing for manufacturing (DFM).  In addition to DFM machining features, other product data is necessary for manufacturing.  This includes dimensions and tolerances, material callouts and notes and specifications.  AP203 only provides the BRep geometry along with some configuration management information.  The STEP-NC scenario inserts a Feature Recognition Application in the middle to “define” machining features from the AP203 BRep geometry.  The STEP-NC team also recognizes that Feature Recognition tools present a “risk” in this scenario. In an optimized SMS scenario, feature based product data (not only geometry) is generated in the Design or Legacy Capture function and made available to a feature based Macro Process Planning System then to Micro Process Planning and the Shop Floor Execution system.  It is not clear when/how the dimensions and tolerances information, the material callouts, and the special notes and specifications are specified in the STEP NC scenario; this is required information that apparently is entered downstream in the CAM System.  Again, optimally this information should be generated in the Design or Legacy Capture function.

APPENDIX A, Continued
Standards by Name and Number:
· Selected STEP “Standards” --- Mechanical

· AP203 --- Configuration controlled design of mechanical parts and assemblies (ISO 10303-203:1994)

· AP209 --- Composite and metallic structural analysis and related design (ISO/PRF 10303-209) (Registered as IS awaiting publication)

· AP213 --- Numerical control process plans for machined parts (ISO/DIS 10303-213) --- currently inactive

· AP214 --- Core data for automotive mechanical design processes (ISO 10303-214:2001)

· AP219 --- Dimensional inspection (ISO/NWI 10303-219)

· AP223 --- Exchange of design and manufacturing product information for cast parts (ISO/WD 10303-223) --- Currently inactive

· AP224 --- Mechanical product definition for process planning using machining features  (ISO 10303-224:1999 (Edition 1) & ISO 10303-224:2001 (Edition 2)

· AP229 --- Exchange of design and manufacturing product information for forged parts (ISO/WD 10303-229) --- Currently inactive

· AP232 --- Technical data packaging core information and exchange (ISO/DIS 10303-232)

· AP238 --- STEP numerical control (ISO/NWI 10303-238)

· Selected STEP “Standards” --- Electrical/Electronic/Electro-Mechanical

· AP210 --- Electronic assembly, interconnection, and packaging design (ISO 10303-210:2001)

· AP212 --- Electrotechnical design and installation (ISO 10303-212:2001)

· AP220 --- Process planning, manufacturing, assembly of layered electrical products (ISO/WD 10303-220) --- Currently inactive

· Related ISO “Standards”

· ISO 14649 (ISO TC184/SC4/WG7) --- Data model for computerized numerical controllers

· Part 1 - Overview and fundamental principles (ISO/DIS 14649-1)

· Part 10 - General process data (ISO/DIS 14649-10)

· Part 11 - Process data for milling (ISO/DIS 14649-11)

· Part 12 - Process data for turning (ISO/NWI 14649-12) 

· Part 111 -  Tools for milling (ISO/DIS 14649-111)

· Part 112 - Tools for turning (ISO/NWI 14649-112) 

·  ISO 13399 (ISO TC29/WG34) --- Cutting tool representation and exchange

· Part 1 - Overview and fundamental principles (ISO/DIS 13399-1)

· Part 2 - Reference hierarchy for cutting tools (ISO/DIS 13399-2)

· Part 3 - General data for cutting tools (ISO/DIS 13399-3)

· Part 4 - Turning tools data (ISO 13399-4)

· ISO 6983-1:1982 (TC184/SC1) – Numerical control of machines – Program format and definition of address words – data format for positioning, line motion and contouring control systems

· PDM Schema (ISO TC184/SC4 "Technical Specification" --- PDES, Inc. & ProSTEP)
SCOPES: 

	Documents
	In scope
	Out of Scope

	AP203
	a) Products that are mechanical parts and assemblies;

b) Product definition data and configuration control data pertaining to the design phase of a product’s development;

c) The change of a design and data related to the documentation of the change process;

d) Five types of shape representations of a part that include wireframe and surface without topology, wireframe geometry with topology, manifold surfaces with topology, faceted boundary representation, and boundary representation;

e) Alternate representations of the data by different disciplines during the design phase of a product’s life cycle;

f) Identification of government, industry, company or other specifications for design, process, surface finish, and materials which are specified by a designer as being applicable to the design of the product;

g) The identification of government, industry, company, or other standard parts for the purpose of their inclusion in a product’s design;

h) Data that are necessary for the tracking of a design’s release;

i) Data that are necessary to track the approval of design, a design aspect, or a configuration control aspect of a product;

j) Data that are necessary to track the approval of a design, a design aspect, or a configuration control aspect of a product;

k) If a part is being designed under a contract, the identification of, and reference to, that contract under which a design is developed;

l) The identification of the security classification of a single part or a part when it is a component in an assembly;

m) Data that is used in, or results from, the analysis or test of a design which is used as evidence for consideration of a change to a design.
	a) Data that is used in, or results from, the analysis or test of a design that is not used as evidence for consideration of a change to a design;

b) Data that results in changes to the design during the initial design evolution prior to its release;

c) Product definition data and configuration control data pertaining to any life cycle phase of a product’s development other than design;

d) The business data for the management of a design project;

e) Alternate representations of the data by different disciplines outside of the design phase (e.g., manufacturing);

f) The use of constructive solid geometry for the representation of objects;

g) Data that pertains to the visual presentation of any of the shape or configuration control data.  



	AP209
	"This part of ISO 10303 specifies computer-interpretable composite and metallic structural product definition including their shape, their associated finite element analysis (FEA) model and analysis results, and material properties.”

The following are within the scope of this part of ISO 10303:

· the definition of composite structural parts;

· the definition of metallic structural parts;

· linear statics finite element analysis;

· the product definition and configuration control information pertaining to the design through analysis stages of a product's development;

· the information relating the part to the adjoining components in an assembly by either explicit or external reference;

· the 2D and 3D models depicting the product shape;

· the five types of geometric and topologic model representations which include:

(1) wireframe and surface without topology;

(2) wireframe geometry with topology;

(3) manifold surfaces with topology;

(4) faceted boundary representation; and 

(5) advanced boundary representation.

· the representations for design and analysis disciplines and the association of the design, idealized design and finite element node shape representations;

· the association of the constituents of composite and metallic parts with the constituent shape model;

· the depiction of composite laminate tables describing the material, stacking sequence, orientation, and constituents of the composite or a portion of the composite with a defined shape;

· the identification of material specifications from internal and external sources and their properties for a specific operating environment;

· the finite element analysis model, analysis controls, and analysis results information;

· the plane stress and simple plane strain types of linear static finite element structural analyses;

· the 2D vector graphical presentation of:

(1) finite element model maps ;

(2) analysis output information displays upon finite element model mesh;

(3) line drawings which document the part aspects subjected to detail analyses

· the tabular presentation of the analysis assumptions, loadings, and critical locations in finite element and detail analyses performed for the assessment of the margin of safety;

· the administrative information necessary to track the approval and configuration control of the design and analysis of a product at a point in the life cycle when approval and configuration control are necessary;

· a change to a design and an analysis, including information to identify the change, at a point in the life cycle when tracking a change is necessary;

· the identification, when required, of the contract under which a design is developed and an analyses is performed;

· the identification of the security classification of a part.


	The following are outside the scope of this part of ISO 10303:

· the business information for the management of a design and analysis project;

· the product definition and configuration control information pertaining to any information other than that necessary for design and analysis;

· alternate representation of the information by disciplines outside of design and analysis such as manufacturing;

· the use of constructive solid geometry for the representation of the shape of the product;

· the explicit representation of a bill-of-material;

· the other types of finite element analysis beyond linear statics, such as dynamic and non-linear statics;

· the explicit graphical presentations derivable from design or analysis product representations;

· specification of filament wound structures;

· the composite fabrication process information;

· the product definition of initial or in-process part shapes.



	AP210
	— The hierarchical description of the functionality of the electronic assembly or interconnect or de-vices that are used in an electronic assembly or interconnect;

— The hierarchical description of the functional objects that are combinations of one or more functional objects;

— The configuration management of the functional objects that are being developed concurrently;

— The configuration management of analytical models that are being developed concurrently;

— The explicit interface to analytic models that are used to define the behavior of a functional object, a device, a physical object, an electronic assembly, or an interconnect;

— The description of the connection among the functional objects;

— The description of the connection among the devices used in the electronic assembly or interconnect;

— The description of the requirements for physical interconnection;

— The physical layout of the electronic assembly, including a description of the placement of the physical objects in the electronic assembly;

— The description of the bare interconnect, including the conductive and non-conductive materials and patterns;

— The functional and physical description of devices or physical objects, including material characteristics and composition;

— The functional usage and physical usage description of devices or physical objects, including material characteristics and composition;

— The functional and physical description of devices or physical objects realized as part of the inter-connect, including material characteristics and composition;

— The functional usage and physical usage description of devices or physical objects realized as part of the interconnect, including material characteristics and composition;

— The description of the requirements and constraints on the design of the electronic assembly that assure product performance, incorporate quality, and enhance manufacturing process capabilities;

— The description of the requirements and constraints on the design of the interconnect that assure product performance, incorporate quality, and enhance manufacturing process capabilities;

— The configuration management of electronic assembly design descriptions;

— The configuration management of interconnect design descriptions;

— The allocation of certain details of the interconnect design description to the usage description of a physical object;

— The allocation of certain details of the electronic assembly design description to the usage description of a physical object;

— The description of electronic assemblies to implement various functional domains including, but not limited to, analogue, digital, video, radio frequency, and microwave;

— The description of interconnect to implement various functional domains including, but not limited to, analogue, digital, video, radio frequency, and microwave;

— The configuration management of constituent parts that are electronic assemblies or interconnect and that are being concurrently developed;

— The configuration management of documents that contain requirements;

— The allocation of requirements to functional objects, physical objects, and the physical implementation;

— The allocation of requirements from functional objects to their physical implementation;

— The allocation of each specific connection among the devices used in the electronic assembly to the component or group of components that realizes that connection;

— The association of characteristics to functional objects, physical objects, and analytical models;

— The identification of planned parameters for functional objects, electronic assemblies, interconnect, components, and analytical models;

— The identification of actual parameters for functional objects, electronic assemblies, interconnect, components, and analytical models.
	— The drawings of functional objects, physical objects, electronic assemblies and interconnect;

— The process plans for the assembly of the electronic assembly;

— The process plans for the fabrication of the interconnect;

— The classification and categorization of data element types;

— The definition and interpretation of external file formats for analytic models;

— The management of the process used to design an electronic assembly or interconnect;

— The management of the manufacture of the physical objects used in an electronic assembly;

— The administrative procurement and cost data used by an enterprise.

	AP212
	This Part of ISO 10303 specifies information requirements for the exchange of design information of electrotechnical plants  and industrial systems. 

There is no restriction whether those systems are used to equip a building, a plant, or transportation systems like cars or ships.   This covers equipment for power-transmission, -distribution, and -generation, electrical machinery, electric light and heat, control and automation systems.

This Application protocol includes the description of the data needed for design, installation and commissioning of electrotechnical  plants,  and  for  their  representation   in documents,  as specified in IEC 1082: Preparation of  documents used  in  electrotechnology.  That includes the hierarchical structure  of  products  and functions,  their  interrelations, their connectivity and their schematic representation. 

The following are within the scope of this Part of ISO 10303.

· The data needed to describe an electrotechnical plant throughout the phases of design, installation and delivery although those data will be used throughout the life cycle of the product;

· Data needed to describe terminals and interfaces of electrotechnical products;

· Data needed to describe the functional decomposition of an electrotechnical product;

· Data needed to describe the cabling and harnesses of devices and equipment;

· Data needed to describe cable tracks and to  give  the required mounting instructions;

· Data needed for the reference designation of the design's building blocks;

· Data needed to specify the pieces of information exchanged between the various parts of the design;

· Objects to furnish the design with appropriate technical data;

· Data that are necessary for the tracking of a design's release;

· Data that are necessary to track the approval of a design or a design aspect.


	The following are outside the scope of this Part of ISO 10303.

· Data describing design changes before the initial approval (e.g. design corrections from checking);

· The business data for the management of a design project (e.g. budget, schedule);

· Data needed  for the simulation and testing of  a  design (e.g. test patterns, behavioral models);

· The mechanical design of electric/electronic products.



	AP213
	- information from the planning activity that is contained in the NC process plans for machined parts;

- work instructions for the tasks required to manufacture a part, using numerical control, which include:

1) references to the resources required to perform the work;

2) the sequences of the work instructions;

3) relationships of the work to the part geometry.

- references to standards and specifications declared in the process plan;

- information required to support NC programming of processes specified in the process plan;

 Note2 – This includes product definition, administrative data, machine, tooling, and material requirements.

- information required to support in-process inspection specified in the process plan;

Note3- In-process inspection includes such tasks as using gage blocks or performing a probing operation to verify the dimensional constraints placed upon the part.

-shop floor information specified in the process plan.

Note4- Shop floor information contains such items as part routing, machine setup, and part loading instructions.
	-NC process information derived from, or required for, manufacturing preplanning activities;

 Note5- This includes information from activities such as factory capacity planning, scheduling, producibility analysis, and statistical process control.

-production control and scheduling analysis;

-actual execution of the process plan;

-continuous processes;

 Note6- Continuous process is the control of a process that requires feedback to determine new parameters such as those used in the manufacture of chemical and plating products.

-make or buy analysis activities;

-costing data;

-NC program, source programs, and specific machine tool controller  codes;

-form features;

-drawing and production illustration contents;

-the process planning activity itself;

-inspection processes that required an inspection plan.

 Note7- inspection processes refer to inspection that occurs outside the context of the NC machining process, such as removing the part and remounting it on a Coordinate Measuring Machine(CMM).

	AP214
	— products of automotive manufacturers and of their suppliers. These products include parts, assemblies of parts, tools, assemblies of tools, and raw materials. The considered parts include the constituents of the car body, of the power train, of the chassis, and of the interior. The tools include those specific to the products produced and used by various manufacturing technologies.

EXAMPLE 1 Typical manufacturing technologies are:

a) for primary shaping: moulding or casting;

b) for transforming: bending or stamping;

c) for separating: milling or turning;

d) for coating: painting or surface coating;

e) for fitting: welding or riveting.

The raw materials include those used to produce the parts or the tools;

— process plan information describing the relationships between parts and the tools used to manufacture them and to manage the relationships between intermediate stages of part or tool development;

— product definition data and configuration control data for managing large numbers of variants of automotive products during the design phase;

— data describing the changes that have occurred during the design phase, including tracking of the versions of a product and of the data related to the documentation of the change process;
— identification of physically realized parts or of tools, e.g., for prototype building;

— identification of standard parts, based on international, national, or industrial standards;

— release and approval data for product data;

— data that identify the supplier of a product and related contract information;

— the following eight types of representation of the shape of a part or of tool:

a) 2D – wireframe representation;

b) 3D – wireframe representation;

c) geometrically bounded surface representation;

d) topologically bounded surface representation;

e) faceted – boundary representation;

f) boundary representation;

g) compound shape representation;

h) constructive solid geometry representation.

— representation of the shape of parts or tools that is a combination of two or more of these eight types of shape representation;

— data that pertains to the presentation of the shape of the product;

— representation of portions of the shape of a part or a tool by form features;

— product documentation represented on drawings;

— references to product documentation represented in a format other than those specified by ISO 10303;

EXAMPLE 2 Other formats include physical clay models, digital data in other standard formats such as NC – data encoded according to ISO 6983 [18], or text data encoded according to ISO/IEC 8879 (SGML) [20].

— simulation data for the description of kinematic structures;

EXAMPLE 3 The simulation data for a windshield wiper may include the geometry of the windshield as well as the kinematic structure of the wiper including all necessary links and joints.

· properties of parts or of tools;
— data defining surface conditions;

— dimensional data and geometrical tolerance data.
	— product definition data pertaining to any life cycle phase of a product not related to the design phase;

— business or financial data for the management of a design project;

— a general parametric representation of the shape of a part or of a tool;

— data describing the pneumatic, hydraulic, electric, or electronic functions of a product;

· continuous kinematics simulations over time;
· data describing the input or the results of finite element analysis.


	AP219
	This application protocol will specify information requirements to manage dimensional inspection of solid parts or assemblies, which includes administering, planning, and executing dimensional inspection as well as analyzing and archiving the results.  Dimensional inspection can occur at any stage of the life cycle of a product where checking for conformance with a design specification is required.
	

	AP220
	This STEP AP covers both printed-circuit boards (PCBs) and printed-circuit assemblies (PCSs), which are the unpopulated and populated objects often referred to as bare and assembled boards.  The AP shall cover the PCB and PCA product data, which is shared between the manufacturing engineering and the production operation.
	

	AP223
	"This part of ISO 10303 specifies the exchange, archiving and sharing of design and manufacturing product information for cast parts. …

The following are within the scope of this part of ISO 10303:

· Parts and process plans for parts that are made by sand, die, and investment casting processes;

· Design data for cast parts, including geometry, materials, tolerances, required physical and mechanical properties, required tests;

· Characterization of products used to make cast parts, including molds, dies, equipment, materials, and consumable items;

· Specifications for patterns and die assemblies;

· Input to and output from casting process simulation software;

· Data exchange between customer and foundry, within the foundry, and between foundry and supplier;

· Use of data for foundry automation and shop floor control;

· Use of data for archiving of design and manufacturing data for cast parts.


	The following are outside the scope of this part of ISO 10303:

· Data describing rules, guidelines and expert knowledge used to design and manufacture cast parts;

· Data describing why a particular design or manufacturing decision was made;

· Shop floor scheduling data;

· Process plans for making patterns, dies, and other tooling;

· Algorithms used to obtain simulation results."



	AP224
	— the manufacture of a single piece mechanical part, and assemblies of single piece parts for manufacturing purpose;

— parts that are to be manufactured by either milling or turning processes;

— machining features for defining shapes necessary for manufacturing;

NOTE 2 - The machining feature set is defined in this part of ISO 10303.

— Explicit representation of the 3D shape of machining features through bounded geometry representations;

— implicit representation of machining features through selection of standard parameters;

— machining feature definition elements necessary for creating machining form features;

— customer order administrative data to track receipt of an order for a part to the shop floor, but not including tracking of the order on the shop floor;

— approval data to authorize the manufacture of a part;

— requisition administrative data to identify requirements and track the status of materials and equipment needed to manufacture a part;

· work order data to track and identify the status of a part;
— tracking the state of raw stock for documenting the manufacturing history of a part;

— tracking a design exception notice of a part.

NOTE 3 - The design exception notice relates to discrepancies in the machining features used to describe a part's shape.
	— results from process planning functions;

— exchange of data within process planning systems;

— feature order or sequence;

— representation of assemblies for design or bill of materials;

— representation of composite material parts;

— representation of sheet metal parts;

— representation of part pedigree;

— design features of a part;

— schedule for completing a work order through the manufacturing process;

· configuration control for a part.


	AP229
	This AP will address the exchange, archival storage and sharing of design and manufacturing product information for forged parts.  The forging process involves transforming the primary stock into a finished part with possibly a number of intermediate stages.  Distinct products which make up stages in this sequence, and which are defined in this AP, include: primary stock, preform, near-net shape part after forging and net shape or finished part after finishing operation.  Included are the characteristics of any of the above listed parts such as geometry, tolerances, surface finish, functional requirements, e.g., maximum design stress, material, and inspection and testing results.  The characteristics of the forging process are also included, such as forging method, forging steps and lubrication.  Also included within the scope of this AP is the tooling and equipment specification.

The following are outside the scope of this AP: process selection for near net shape manufacturing, product  design modification for forging, management decisions used to forge a part, processing of the primary stock, forging die making, process control method, forging process simulation methods, finishing techniques and equipment, and inspection techniques and equipment.
	

	AP232
	" This part of ISO 10303 will provide the structure to package/relate groups of product information so that configuration controlled exchanges can be achieved among Product Data Management (PDM) systems.  Each group of product information being packaged by this AP may be exchanged in this AP's STEP format, another AP STEP format, or any other format agreed to by the exchanging partners.  This capability will satisfy the industrial need to communicate and share the total design definition of a product among originating organization, partners, vendors, and customers. The goal of this application protocol is to provide an information structure where product information can be electronically captured and managed from both a product item perspective and a document based perspective.

Current Product Data Management (PDM) systems being installed in industry still manage documents but from a product view point.  Currently no STEP AP addresses a document configuration structure for product data.  This AP will deal with filling this document configuration structure void.  The consequence of not developing this AP will be that enterprises and industries that have large infrastructures that rely on document based management systems will be reluctant to implement STEP due to a large initial investment they would have to make to change systems and procedures.  This AP allows these industries an expedient migration path into STEP and into configuration control of product data from a product item perspective.  

There are two aspects to AP 232.  The first is the packaging of product data groups.  The second is to provide the exchanged requirements of individual product data groups focusing on associated list information such as parts list, data list, index list, indentured data list, and applications list.

The packaging aspect provides the requirements for collecting, organizing, and managing the exchange of a complex set of data files or database views representing the different product data groups that define a product. A product data group defines a particular view of product information and may be identified and managed as a document, or product data set or a unique view within a database.  Drawings, Associated lists and Reference Documents are considered product data groups.  The result of packaging product data groups is called a Technical Data Package (TDP).  As a result of this packaging, AP 232 defines the interoperation of other ISO 10303 Parts (e.g. ISO 10303-203 and ISO 10303-202) and the managed inclusion of a mixed set of standards for representation of the various TDP elements (product data groups)."


	

	AP238
	This part of ISO 10303 specifies the application interpreted model for the information requirements defined by the ISO 14649 Data model for computerized numerical controllers.
	

	ISO13399-1
	ISO/DIS 13399 Part1, Cutting tool data representation and exchange: Overview and fundamental principles.

This International Standard defines an electronic representation of the data for cutting tools and the structure needed to connect these data together. This standard is intended to facilitate the use and manipulation of cutting tools data within and between manufacturing software systems.
	

	ISO13399-2
	ISO/DIS 13399 Part2, Cutting tool data representation and exchange: Reference hierarchy for cutting tools.
	

	ISO13399-3
	ISO/DIS 13399 Part3, Cutting tool data representation and exchange: General data for cutting tools.
	

	ISO13399-4
	ISO/DIS 13399 Part4, Cutting tool data representation and exchange: Turning tools data.
	

	ISO14649-1
	Data model for computerized numerical controllers.  Overview and fundamental principles.
	

	ISO14649-10
	This part of ISO 14649 specifies the process data which is generally needed for NC-programming within all machining technologies. These data elements describe the interface between a computerised numerical controller and the programming system (i.e. CAM system or shopfloor programming system). On the programming system, the programme for the numerical controller is created. This programme includes geometric and technological information. It can be described using this part of ISO 14649 together with the technology-specific parts (ISO 14649-11, etc.). This part of ISO 14649 provides the control structures for the sequence of programme execution, mainly the sequence of working steps and associated machine functions.

The “machining_schema” defined in this part of ISO 14649 contains the definition of data types which are generally relevant for different technologies (e.g. milling, turning, grinding). The features for non-milling technologies like turning, EDM, etc. will be introduced when the technology specific parts like ISO 14649-12 for turning, ISO 14649- 13 for EDM, and ISO 14649-14 for contour cutting of wood and glass are published. It includes the definition of the workpiece, a feature catalogue containing features which might be referenced by several technologies, the general executables and the basis for an operation definition. Not included in this schema are geometric items and representations, which are referenced from ISO 10303’s generic resources, and the technology-specific definitions, which are defined in separate parts of ISO 14649.

This part of ISO 14649 cannot stand alone. An implementation needs in addition at least one technology-specific part (e.g. ISO 14649-11 for milling, ISO 14649-12 for turning). 

Additionally, the schema uses machining features similar to ISO 10303-224 and ISO 10303-214. The description of process data is done using the EXPRESS language as defined in ISO 10303 11. The encoding of the data is done using ISO 10303-21.


	

	ISO14649-11
	This part of ISO14649 specifies the data elements needed as process data for milling
This part of ISO 14649 specifies the technology-specific data elements needed as process data for milling.  

Together with the general process data described in ISO 14649-10, it describes the interface between a computerized numerical controller and the programming system (i.e. CAM system or shopfloor programming system) for milling . It can be used for milling operations on all types of machines, be it milling machines, machining centers, or lathes with motorized tools capable of milling. The scope of this part does not include any other technologies, like turning, grinding, or EDM. These technologies will be described in further parts of ISO 14649.

Subject of the milling_schema, which is described in this part of ISO 14649, is the definition of technology-specific data types representing the machining process for milling and drilling. This includes both milling of freeform surfaces as well as milling of prismatic workpieces (also known as 2½D-milling). Not included in this schema are geometric items, representations, manufacturing features, executable objects, and base classes which are common for all technologies. They are referenced from ISO 10303’s generic resources and ISO 14649-10. The description of process data is done using the EXPRESS language as defined in ISO 10303-11. The encoding of the data is done using ISO 10303-21.
	· turning

· grinding 

· EDM
The scope of this part of ISO 14649 does not include tools for any other technologies, like turning, grinding, or EDM. Tools for these technologies will be described in further parts of ISO 14649.



	ISO14649-111
	This part of ISO 14649 specifies the data elements needed as tools for milling. They work together with ISO 14649- 11, the process data for milling. These data elements can be used as a criteria to select one of several milling and drilling type tools, not to describe a complete information of a particular tool. Therefore, leaving out optional attributes gives the controller more freedom to select from a larger set of tools. The NC is assumed to have access to complete description of specific tools in a database.

The milling_tool_schema defined in this part of ISO 14649 serves as a basic tool schema including just the most important information. It is intended to give the controller enough information to select the tool specified in the NCprogram.

In ISO 6983, the tool is defined just with its number (e.g. T8). No further information concerning the tool type or geometry is given. This information is part of the tool set-up sheet, which is supplied with the NC-program to the machine. The tool set-up sheet gives the relationship between the tool location (e.g. slot 8) and the type of tool (e.g. "drill 4 mm").

The approach of this tool sheet to ISO 14649-11 is to include the information which is contained in the tool set-up sheet mentioned above in the NC program. Therefore, the most important information which needs to be included in the tool description is:

- tool type

- tool geometry

- expected tool life

The tool schema does not include information which is part of the tool database. The tool database is related to the machine and the tools themselves but independent of the NC program. This means that data like the following data types are not included in the tool schema:

- normative tool life

- tool location in the tool changer

The tool schema does not include information about tool holders and tool assembly components.

It is important to understand that all length measure types used in this Part are not toleranced length measure types because they are used to describe the tools required for the manufacturing of a workpiece, not the actual dimensions of the tools available at the machine.  A real tool must be selected by the tool management based on the actual tool dimensions and the tolerances of features.

The overall structure of the tool description in this part of ISO 14649 and ISO 14649-10 is the same with ISO/DIS 13399-1. Many definitions of tool body and it’s geometry are referenced from the NIST tool model. [NISTIR5707:Modeling of Manufacturing Resource Information, July,1995] 
	The scope of this part of ISO 14649 does not include tools for any other technologies, like turning, grinding, or EDM. Tools for these technologies will be described in further parts of ISO 14649.
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Figure 1.    Initial STEP Manufacturing Suite (SMS) Work Flow
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Conclusions

		AP213 – Use current document as a baseline, then start a 2nd edition to harmonize features and tolerances with AP224 and AP214.

		AP213 uses a different product data structure and thus will interoperate with AP203, AP214, AP224 and others

		




























_1063701837.ppt


Conclusions

		AP213, AP224, AP219, and ISO 14649 need to be harmonized to work together for success of STEP and standards in the manufacturing arena
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N-STEP…Delivering Quality Parts, When They’re Needed, Every Time 
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AP213 vs. AP224

Tolerance harmonization

		AP213 - Validation activity only identifies the machine tolerance, does not have support for the geometric or dimension tolerances from design



Slot

		AP224 - supports dimensional tolerances and all the specific geometric 

tolerances used by ISO 1101 and ANSI Y14
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AP219

Tolerance harmonization

		AP219 - Team is still working on scope

		Appear to be defining “as designed” tolerances per AP214.

		AP214 and AP224 have harmonized geometric tolerances and most dimensional tolerances

		Liaisons for harmonization still continue
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Features harmonization

		Very powerful AP219 enhancement would be to harmonize the use of AP224 machining features



Slot

		AP219 - use AP224-AP213 features as “designed to feature”  for purpose of inspection
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Use cases for ISO 14649

Note: ISO 14649 is a data interface

(CAM to NC), not a user interface!

The NC’s HMI may present the data to the operator in any desired form.











CAM


system


Shopfloor


programming


Planning


Department


Shopfloor


New data model and interface (ISO 14649)


Post-


processor


Conventional


NC controller


CAD workpiece data


New, Intelligent


NC controller


Intelligent


functions


e.g. automatic


- path generation


- tool selection


- technology support


- retract strategies


- machine limits 


Design


Modern


NC controller













_1063090270.ppt


AP213 vs. AP224

Machining features

		AP213 - Material removal activity only identifies shape via geometry



Slot

		AP224 - defines material removal via machining features and geometry
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ISO 14649 uses AP224 machining 

features but not harmonized





workpiece

machining_feature

S[0:?]

pocket

plane

region

hole

1

L[0:?]

machining_operation

workplan

machining_workingstep

L[0:?]

plane_milling

side_milling

drilling

1

tool

technology

strategy

L[0:?]

cutter_contact_trajectory

parameterised_path

cutter_location_trajectory

1

toolpath

geometry

geometry

geometry




















_1063090241.ppt


DO they fit?

		AP213, AP219, AP224, 

ISO 14649

		Do these standards work together?

		If not could they?






























_1063090197.ppt


Where is ISO 14649 

today?

		ISO 14649 - Data Model for Computerized Numerical Controllers (CNC)

		Re-establish an accepted standard for the transmission of NC data to the shop floor!

		Provide motion control data based on splines for sophisticated, high-speed NC cutting operations

		Avoid intermediate data formats (CLDATA)

		Provide all necessary data for easy modification of NC data at the machine controller

		Replaces the old “M and G” codes with “working steps”
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Where is ISO 14649 

today?

		ISO 14649 - Data Model for Computerized Numerical Controllers (CNC)

		DIS ballot approved – 2001

		Many issues were submitted concerning the harmonization with AO224

		Ballot workshop resolved all of these issues

		Will move forward to FDIS status

		AP238 is being developed to bridge the gap between ISO 10303 standards and ISO 14649 standards.
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Where is AP219 today?

		AP219 - Manage dimensional inspection of solid parts or assemblies

		Proposed Work Item (PWI) submitted 6/1998

		This application protocol will specify information requirements to manage dimensional inspection of solid parts or assemblies, which includes administering, planning, and executing dimensional inspection as well as analysing and archiving the results.  Dimensional inspection can occur at any stage of the life cycle of a product where checking for conformance with a design specification is required.
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Where are we today?

		AP213 - Numerical control (NC) process plans for machined parts 

		AP219 - Manage dimensional inspection of solid parts or assemblies

		AP224 - Mechanical product definition for process planning using machining features

		ISO 14649 - Data Model for Computerized Numerical Controllers (CNC)

		Note: there are other APs for manufacturing but the focus of this presentation is only on these 3 APs and ISO 14649
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Where is AP213 today?

		AP213 - Numerical control (NC) process plans for machined parts 

		SC4 passed a ruling that no AP could go forward to FDIS status without an Abstract Test Suite document (ATS)

		PDES Inc. and NIST did not have resources to create ATS-313 document

		AP213 has been idle since

		Still no work done on the ATS document
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Where is AP224 today?

		AP224 - Mechanical product definition for process planning using machining features

		Registered as International Standard  IS) - 1999

		ATS-324 registered as Technical Specification (TS) - 1999
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Where is AP213 today?

		AP213 - Numerical control (NC) process plans for machined parts 

		Approved as new work item 1/2/92

		Passed DIS ballot 9/26/96	

		comments submitted by



France: 6 issues

Switzerland: 2 issues

USA: 36 issues

		All issues were resolved

		AP213 document was ready to submit for FDIS
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Manufacturing Application Protocols

		Agenda

		Current document status

		Proposed future standards harmonization
























_1023414870.doc
[image: image1.png]product definition

feasibility studies
market studies
requirements st

design

part design
mourtability examination

process plans
production feasibilty studies

tool manufacturing

tool component production
tool mourting
NG/RG programming

Core Data for Automotive Mechanical Design Processes

concepts
physical model

[ packaging layout

evaluation

test plans

prototype
crash test

tool design

tool assembling
tool simuiations

quality control

sample part production
part meastring








