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Computer-Aided Manufacturing Engineering Forum — First Technical Meeting

CAME Forum Overview and Objectives

The first technical meeting of the Computer-Aided Manufacturing Engineering (CAME)

Forum convened March 21-22, 1995 in Gaithersburg, Maryland to consider issues relevant to

development of the Manufacturing Engineering Tool Kit (METK). The tool kit project is jointly

sponsored by the U.S. Navy Manufacturing Technology Program and the National Institute of

Standards and Technology.

The CAME Forum was attended by nearly 30 representatives from industry, government,

and academia including manufacturing engineers, application software vendors, manufacturing

technology developers, senior manufacturing managers, and government program managers. A
list of forum participants is provided in Appendix A as is the agenda that guided meeting

activities. Attendees were invited to participate actively yet be willing to reach a consensus on

METK characteristics and requirements that all could endorse and support.

The primary objectives of this first technical meeting of the CAME Forum were:

jr

1. To obtain consensus on the initial contextfor developing the

Manufacturing Engineering Tool Kit (e.g., parts, processes, data).

2. To identify the validation requirementsfor the engineering data package

in the agreed context.

3. To identify appropriate engineering data package validation methods.

This first technical meeting was organized into three major segments. These segments

were designed to provide the information participants needed to fully understand what an METK
is intended to do and then to solicit their input regarding the METK development context and the

type of information the METK should validate to ensure that a part is produced correctly the first

time. Specifically, the three forum segments and the topics addressed within each segment were:

1 . Setting the Context

• Manufacturing Engineering Tool Kit Overview

• Plan of Attack (Program Plan)

• Engineering Data Package Integration

• Data Package Validation

• Vendor System Presentations

2. Identifying Requirements

• Review of the METK Development Context

• Identification of Manufacturing Engineering Data Validation Requirements

3. Discovering How
• Identification of Manufacturing Engineering Data Validation Methods
• Open Forum to Discuss Technical and Programmatic Issues

• Review of Action Items and Responsibilities
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The Preliminary Draft Specification for the Manufacturing Engineering Took Kit was

discussed during the first segment and is provided in Appendix B. Appendix C contains briefing

slides used during the first segment of the'technical meeting for setting the context

(Manufacturing Engineering Tool Kit Overview, Plan of Attack, Engineering Data Package

Integration, and Manufacturing Engineering Data Package Validation). In addition to this

context setting information, three application software vendors described and demonstrated

products currently available that will support the initial METK development effort. Appendix D
contains descriptions of the three application software product. ICEM Technologies’ PART is a

generative process planning system; Deneb’s products, IGRJDP, QUEST, and Virtual NC provide

a suite of simulation environments that can be used to plan and/or evaluate systems and system

components from the machine tool to the shop floor level; and Matrix’s product, also called

Matrix, is a product data management system that provides an object-oriented data management

structure that can be used to manage all of the data needed to support business and manufacturing

processes.

Context for Manufacturing Engineering Tool Kit Development

An initial context for developing a Manufacturing Engineering Tool Kit (METK) was

proposed by NIST as a strawman for discussion among meeting participants. The context

addressed candidate part characteristics, manufacturing processes to be included, and the

engineering data package elements to be validated before initial production is begun. These

context parameters, provided in detail in the Draft METK requirements paper prepared by NIST,

are presented in abreviated form here:

Candidate Part Characteristics

• Machinable metal alloys

• ^ 24 inch (60 cm) cube

• ^ 250 lbs (100 kgs)

• Holes, pockets, cylindrical

features, threads, bores,

counterbores, flats, chamfers,

grooves, slots, etc.

• Mechanical fasteners, force

fits, shrink fits

• Debuning, heat treatment,

painting

• Tolerances up to 0.0002 in.

Candidate Manuacturing

Processes

• Metal cutting machines

and systems

• Tooling, workholding

• Workhandling

• Metal forming

• Metal joining, assembly

• Metal cleaning and

finishing

• Controls, computers, and

software

• Inspection and quality

control

Engineering Data Package

• Sequenced list of

operations

• Data required for each

operation

• Tooling lists

• Machine control

programs

• Operator instructions

• Quality control

parameters

• Administrative

documents

Forum participants were asked to review the METK development context in terms of the

following questions:

(1) Are the part types andfeatures and manufacturing processes meaningful in your

organization? (Does your organization make parts with these characteristics?)
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(2) Are they adequate to demonstrate a prototype METK that is both significant and

extensible? (Would an METK thatdeals with these part types andprocesses

address a significant portion ofyour production and do you believe that an

METK developed in this context could be expanded or enhanced to address other

part types and processes?)

(3) Is the suggested set ofEngineering Data Package (EDP) elements sufficiently

complete to release a part to the machine shop?

After reviewing the “strawman” METK context, forum participants made the following

recommendations:

1. Add plastic parts.

2. Start with raw castings (including near net shape castings).

3. Include heat treating and plating processes.

4. Consider environmental impact (esp., legal requirements for handling hazardous

materials).

5. Include machining of composites.

6. Include turned parts.

7. Include conveyors (vertical and horizontal part movement).

8. Include tumbling and powder coating.

9. Include process data derived from design specifications.

10. Include quality control (both destructive and non-destructive testing requirements).

1 1. Include some assembly operations (subassemblies).

12. Define tooling/fixtures/gauges/cutting tools.

13. Consider production lot size.

In addition to reviewing the context parameters, forum participants, working in three

separate teams, reviewed a detailed list of manufacturing processes and indicated how important

each process is to successful development of a meaningful METK. Teams rated each process on

a “high, medium, low” scale in terms of its importance to the METK development process.

Every team did not rate all of the processes. Table 1 shows how the processes were rated.

Table 1. Relative Importance of Selected Processes to METK Development Environment

Notes for Table Entries:

'All processes with average scores of 1.5 or less were labeled “High” importance for purposes of this table.

Underlined entries were added to the original list by one or more of the breakout groups.

’Ratings were assigned as follow: l=High, 2=Medium, 3=Low importance to initial METK development.

Relative

Importance1

Manufacturing Processes
2

(Grouped by Process Category)

Breakout Group
Rating3 Average

Score4

BLUE GREEN RED

METAL CUTTING MACHINESAND SYSTEMS
High NC 3-axis horizontal milling 1 1 1.25 1.08

High 2-4 Machine Cell with Pallet Handling System 1 1 1.5 1.17

High Tapping, threading 1 1 1.5 1.17

High NC 2-axis turning 1 1 1.75 1.25
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Relative

Importance1

Manufacturing Processes
2

(Grouped by Process Category)

Breakout Group
Rating3 Average

Score4

BLUE GREEN RED

High Machining center with pallet handling system 1 1 1.75 1.25

High HN 4-axis Milling 1 1 2 1.33

High NC 3-axis vertical milling 1 1 2 1.33

High NC 2-axis grinding 1 1 2.25 1.42

5-axis milling 1 3 1.75 1.92

High-Speed Machining 1 3 2 2.00

Drilling Machines 3 1 2 2.00

Honing and lapping system 2 2.00

Sawing Machines 3 1 2.25 2.08

EDM 3 2 1.5 2.17

Turning Machines 3 2 1.5 2.17

Milling Machines 3 1.50 2.25 2.25

Broaching 2 3 1.75 2.25

Gear Cutting Machine 2 3 2 2.33

Multi-spindle NC turning machine 3 2 2.25 2.42

Screw Machine 2 4 2 2.67

Laser 4 1.5 2.75

Metal Cutting Machines and Systems 4 1.75 2.88

NC Turning (Hi Speed) 3 3.00

Plasma ARC 3 3.00

Gear Rolling (Cold Forming) 3 3.00

Sheet Metal Plate Stock 3 3.00

TOOLING, WORKHOLDING
High Modular tooling systems 1 1 1.00

High Modular fixturing systems 1 1 1.00

High Tool presetting system 1 1.25 1.13

High Jigs and Fixtures 1 1.75 1.38

High Tool Room 1 2 1.50

WORKHANDLING
High Pallets 1 2 1.50

High Multi-pallet work handling for machining center 1 2 1.50

High Marking, bar coding 1 2 1.50

High Controlled storage area 1 2 1.50

High Fixturing station (manual) 1 2 1.50

Multi-machine pallet handling system 3 1.75 2.38

METALFORMING
Investment Casting 3 1.75 2.38

Die Molding 3 1.75 2.38

METAL JOINING. ASSEMBLY
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Relative

Importance1

Manufacturing Processes2

(Grouped by Process Category)

Breakout Group
Rating3 Average

Score4

BLUE GREEN RED

Adhesives 2 2 2.00

Mechanical Fastening Systems 2 2.25 2.13

Assembly Station 2 2.25 2.13

Welding, Brazing 2 2.5 2.25

METAL CLEANINGAND FINISHING
High Parts Washing, Degreasing 1 1.5 1.25

High Painting 1 1.5 1.25

High Deburring system 1 1.75 1.38

High Heat treating, hardening 1 2 1.50

Abrasive finishing 1 2.25 1.63

CONTROLS, COMPUTERS, AND SOFTWARE
High Shop floor data collection 1 1.25 1.13

High Inventory tracking and reordering system 1 1.75 1.38

High Tooling and workpiece tracking 1 1.75 1.38

High SPC 1 2 1.50

Cutting tool condition monitoring 3 1.75 2.38

INSPECTIONAND QUALITY CONTROL
High Optical measurement system 1 1.5 1.25

High CMM 1 1.75 1.38

High Inspection stations (manual gauging) 1 2 1.50

High SPC data collection and analysis system 1 2 1.50

Gear measurement 3 1.75 2.38

OUT-OF-SCOPE PROCESSES
High Limited Object Manufacturing (LOM) 1 1.00

High Stereo Lithography (SLA
1

) 1 1.00

Chemical treatment 1 2.25 1.63

Plastics 1 2.25 1.63

Waterjet/abrasive jet 3 1.25 2.13

Sheet Metal 3 1.5 2.25

Foundry 3 1.75 2.38

Scheduling 3 1.75 2.38

Automated part handling between stations (e.g., AGV) 3 2 2.50

Composite materials processes 3 2 2.50

Chemical Machining 3 2.25 2.63

Manufacturing Engineering Data Validation Needs

After reviewing, discussing and refining the METK development context and draft

specification, participants were asked to respond to the following question:
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What manufacturing engineering data should be validated?

Participants, again working in three groups, recorded ideas independently and then shared

ideas within and among small groups. Appendix E contains the initial lists of data validation

needs. Note that many ideas in the initial lists overlap considerably or are identical. Each of the

three groups combined the ideas generated by individual group members into a single list; each

group’s list was then reviewed during a plenary session where similar items were combined so

that they appear on at most one list. After compiling this consolidated list, participants rated

each idea in two ways: first, each participant selected the five validation needs that are most

important to producing a part correctly the first time; second, each participant selected the five

ideas that are most problematic in the data validation process. The resulting consolidated list is

shown in Table 2. Note that the two selection criteria resulted in very different ratings of

validation needs. The most important validation needs were clearly G15 (Verify machine control

programs, tool offsets, locator reference points) and B08 (Data are from the latest/correct

version); participants exhibited less agreement about data validation needs that are most

problematic. Items B 12 (Shop floor feedback captured by PDM), B1 1 (Material and processes

are environmentally compliant), and B08 ranked highest, yet two of the three (B12 and B1 1)

were not among the most important validation needs.

Table 2. Consolidated List of Data Validation Needs

Idea

Label

Most
Important

Most
Problematic

Engineering Data Validation Need

Blue Breakout Grou ? Responses:

B01 0 3 Appropriate Material substitution

B05 0 0 No fixture damage to part

B07 0 0 Lifting device and fixture able to support part

B08 13 7 Data are from latest/correct version

BIO 4 2 That package is complete

Bll 0 7 That material and process are environmentally compliant

B12 1 9 That shop floor feedback is captured by PDM

Green Breakout Group Responses:

G01 5 4 Check all ECOs posted against prod. & process data (No pending ECOs)

G02 8 5 Check process capability data against tolerance of product

G04 1 3 Validate regulatory compliance

G05 6 3 Validate QA steps in each operation (CMM program, etc.)

G06 1 0 Process data for all features/steps

G07 2 2 All required process parameters for each process

G08 0 2 Approvals correct

G10 1 3 Operator certifications

Gil 1 0 If alternatives are possible, make sure a single selection is identified

G12 6 3 Validation sequence of operations

G14 4 5 Check resource availability

G15 19 5 Verify machine control programs, tool offsets, locator reference points

G16 2 2 Calibration and maintenance requirements

Red Breakout Group Responses:

R02 3 1 Tool list
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Idea

Label

Most
Important

Most
Problematic

Engineering Data Validation Need

R03 5 2 Ops sheet/process plan

R04 3 2 Setups/teardown instructions

R05 0 0 Capture of up/down load time

R06 1 0 Capture of resource dead time

R07 0 2 Comparison with other parts within families

R09 1 0 Dynamic cutting forces

RIO 0 0 Track number of parts produced versus time

Rll 1 0 Gauge dimensions

R12 0 3 Setup optimization within or between products

R13 1 2 Overspec/overtolerance

RI4 0 1 Availability of shop drawings

R18 4 0 Validation of tool ids

R19 1 1 As designed = as simulated

R20 0 3 Identification of Standard tooling or already built tools

R21 0 2 Validation of raw materials

R22 1 2 Ragging expensive operations

R23 1 0 Use of less expensive machine tools

After developing the consolidated list of data validation needs, participants organized

them into "similarity" categories. Participants compared items two at a time, answering the

question, “Is Validation NeedA in the same category as Validation NeedBT After an initial

group of comparisons were made and several groups of validation needs were formed,

participants placed the remaining ideas in categories where they best fit, given the ideas already

in that category. Attendees then labeled each category based on the common characteristics of

the items contained in each category. The resulting list of validation needs classified into

similarity categories is shown in Table 3. Within each category, validation needs are listed

beginning with the need that was judged most problematic by participants.

Table 3. Classified Engineering Data Validation Needs

Idea

Label

Most
Important

Most
Problematic

Engineering Data Validation Needs

Category A: Technical Data Validation

B08 13 7 Data are from latest/correct version

G01 5 4 Check all ECOs posted against prod. & process data (No pending ECOs)

B01 0 3 Appropriate Material substitution

BIO 4 2 That package is complete

G08 0 2 Approvals correct

R14 0 1 Availability of shop drawings

G06 1 0 Process data for all features/steps

Category B: Feedback

B12 1 9 That shop floor feedback is captured by PDM
Category C: Resource Capability

Bll 0 7 That material and process are environmentally compliant

July 31, 1995 (12:10pm) DRAFT Page 7



Computer-Aided Manufacturing Engineering Forum — First Technical Meeting

Idea

Label

Most
Important

Most
Problematic

Engineering Data Validation Needs

G02 8 5 Check process- capability data against tolerance of product

G04 1 3 Validate regulatory compliance

B07 0 0 Lifting device and fixture able to support part

Category D: Resource Availability

G14 4 5 Check resource availability

G10 1 3 Operator certifications

R12 0 3 Setup optimization within or between products

R20 0 3 Identification of Standard tooling or already built tools

G16 2 2 Calibration and maintenance requirements

R07 0 2 Comparison with other parts within families

R21 0 2 Validation of raw materials

Gil 1 0 If alternatives are possible, make sure a single selection is identified

Rll 1 0 Gauge dimensions

Category E: Process Validation i.

G15 19 5 Verify machine control programs, tool offsets, locator reference points

G05 6 3 Validate QA steps in each operation (CMM program, etc.)

G12 6 3 Validation sequence of operations

G07 2 2 All required process parameters for each process

R03 5 2 Ops sheet/process plan

R04 3 2 Setups/teardown instructions

R13 1 2 Overspec/overtolerance

R02 3 1 Tool list

R19 1 1 As designed = as simulated

B05 0 0 No fixture damage to part

R09 1 0 Dynamic cutting forces

R18 4 0 Validation of tool ids

Category F: Cost/Performance Metrics

R22 1 2 Flagging expensive operations

R06 1 0 Capture of resource dead time

R23 1 0 Use of less expensive machine tools

R05 0 0 Capture of up/down load time

RIO 0 0 Track number of parts produced versus time

The categories that resulted from this activity span the range of validation requirements.

The categories address the availability and accuracy of engineering data (Category A), the

capability and availability of resources needed to produce parts (Categories C and D,

respectively), the validity and accuracy of process and machine instructions (Category E), the

economic impacts of process and production plans (Category F), and feedback from shop floor

activities that could affect process planning (Category B).
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Manufacturing Engineering Validation Methods

The third segment of the technical meeting focused on identifying methods that could (and

should) be used to validate the types of data listed above. The validation methods were to be

considered in the context of the evolving METK requirements and specifications so that they

could be reasonably included in METK development. Specifically, participants were asked to

consider the following questions in light of the manufacturing engineering data validation needs

previously identified:

• What methods are currently used to accomplish this type of validation?

• How successful are these methods in validating manufacturing engineering data?

• What are the primary advantages and disadvantages of these methods?

• What alternative methods do you propose and what is their value added over current

methods?

Participants considered these questions in breakout groups with each group focusing on four

of the six categories of data validation requirements. Two of the three groups reported results in

terms of the data validation categories and these results are provided in Table F-l in Appendix F
and summarized in Table 4; the third group organized results around methods used to accomplish

the validation and these results are shown in Table 5.

Table 4. Recommended Engineering Data Validation Methods (by Validation Needs)

Idea

Label
Engineering Data Validation Needs Recommended Validation Approaches

Category A: Technical Data Validation

B08 Data are from latest/correct version

• Workflow/PDM system

GO I

Check all ECOs posted against prod. & process data (No
pending ECOs)

B01 Appropriate Material substitution

BIO That package is complete

G08 Approvals correct

R14 Availability of shop drawings

G06 Process data for all features/steps

Category B: Feedback

BI2 That shop floor feedback is captured by PDM

• On-line teleconferencing between staff

on-site

• Review terminal on shop floor as part of

workflow process, on-line flagging,

instant review, concurrent review

meetings
• Operator electronic feedback system
• Everyone in process has electronic

feedback/feedforward

• Capture/retain/react to all feedback

issues —required response! (Knowledge-

based system)

Category C: Resource Capability
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Idea

Label
Engineering Data Validation Needs Recommended Validation Approaches

Bll That material and process are environmentally compliant
• Virtual factory

• Knowledge-based system with cautions,

warnings, process completion (for

hazardous materials disposal)

G02 Check process capability data against tolerance of product

G04 Validate regulatory compliance

B07 Lifting device and fixture able to support part
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Idea
Label

Engineering Data Validation Needs Recommended Validation Approaches

Category D: Resource Availability

G14 Check resource availability

• Manufacturing engineering needs on-

line check of resource availability

• Work around procedures identified in

system
• Database of resources

• Scheduling system
• Library of parts and fixture models
• Tooling design and manufacturing

system

G10 Operator certifications

R12 Setup optimization within or between products

R20 Identification of Standard tooling or already built tools

G16 Calibration and maintenance requirements

R07 Comparison with other parts within families

R21 Validation of raw materials

Gil
If alternatives are possible, make sure a single selection is

identified

Rll Gauge dimensions

Category E: Process Validation

G15
Verify machine control programs, tool offsets, locator

reference points

• Better simulations, more complex
simulation

• Use simulation to visually check

operations are correct before cutting

• Data base of lessons learned -- rule-

based plan generation

• Manufacturing guidelines at design level

G05 Validate QA steps in each operation (CMM program, etc.)

G12 Validation sequence of operations s

G07 All required process parameters for each process

R03 Ops sheet/process plan

R04 Setups/teardown instructions

R13 Overspec/overtolerance

R02 Tool list

R19 As designed = as simulated

B05 No fixture damage to part

R09 Dynamic cutting forces

R18 Validation of tool ids

Category F: Cost/Performance Metrics

R22 Flagging expensive operations

• Generate process/resource utilization

spreadsheet/Gantt chart for each process

plan

• Maintain on-line database of guidelines

R06 Capture of resource dead time

R23 Use of less expensive machine tools

R05 Capture of up/down load time

RIO Track number of parts produced versus time
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Table 5: Recommended Data Validation Methods (by Approach)

Manufacturing Engineering
Validation Need

Idea Labels
(from Table 2)

Recommended Vab'dation Approach

Tooling R20/G16/R1 1/

R12/R18/R2
Tooling Design and management system

Change Control B8/G1/G8/B10 Product Data Management System

Process Capability G2/B11/G4/
G14/G6/G7

Real-time process capabilities database

Product Performance B1/G8 Product model and simulation

Standard Parts R12/R7/G11 Expert and knowledge-based system

Resources B7 Factory model

Process G12/G15/R3/B5 Process simulation

Procedure G5 {No response}

Operator Instructions R4 Tooling data base

Verify simulation R19/R9 Tests

CAME Forum Summary and Action Plan

The final session of the CAME Forum’s First Technical Meeting concluded with a review

of what had been accomplished during the meeting and the action items to be addressed prior to

the next meeting, scheduled for June/July 1995. In general, participants felt that the meeting had

been successful in scoping the manufacturing engineering data validation needs and in beginning

to identify appropriate manufacturing engineering data validation methods. Significant results of

the meeting included substantial agreement on the need for the following:

1) a product/process data management system that can capture, store, update, and

make available all product and process (including tooling) data that affect

manufacturing engineering decisions,

2) knowledge-based systems for generative process planning that can use product

data to develop and verify process plans, and

3) virtual factory models that simulate and visualize manufacturing processes at a

level of complexity that will surface resource capability/capacity problems,

tooling/fixture design problems, and other process-related issues.

Action items agreed to by participants include review of draft METK requirements and

specifications and the proposed METK development context and further coordination and

clarification of their roles in this program. Action items include:

All Participants

:

• Review and revise METK system specification document
• Execute CRDAs and/or Letters of Agreement as required for participation in the program
• Review, comment and recommend test parts and part models
• Review, comment and recommend process and tooling data
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Industry and Government-Owned Industrial Organization:

• Provide the names of participating technical staff from each organization

NISTMETK Development Program:
• Revise the model production processes

— a typical machine shop tools/processes is not practical for initial development
— include heat treating/plating

— include non-destructive inspection and testing

• Include design specifications/data along with process plans/data

• Include environmental specifications.

Open Forum Comments

At the close of the meeting, participants were invited to offer any ideas, suggestions,

concerns, or questions about any technical or programmatic issue relevant to the CAME
program. The following items were mentioned by forum attendees:

1. The METK operational environment must be user friendly -- to be used by operators. Inputs

should be through wanding or icons. Consider huipan factors -- make the system intuitive so

that it makes the job easier. Leverage operator skills.

2. A long-term goal should be to migrate systems to commodity-type platforms.

3. Include a representative from the Society of Manufacturing Engineering (SME) in next

meeting (suggest Sharon Bailor of SME be invited).

4. Forum attendees are invited to provide comments on the draft requirements document
provided in the forum notebook (and as Appendix B of this document).

5. Software demonstrations of the products currently involved in this program are available

(contact representatives from Deneb, Matrix, and ICEM if interested).

6. Consider cultural acceptability of Manufacturing Engineering Tool Kits to achieve effective

implementation.

7. Need to communicate that the visualization of the product is the design and includes

parameters that are relevant to manufacturing engineering.

8. Note the importance of a team/participative approach to design and implementation of

Manufacturing Engineering Took Kits.

9. Consider how to deal with control, especially on shop floor.

10. Will METK be modular in design?

11. Will lack of portability of SGI applications be a problem?

12. Consider incorporating concurrency into METK validation.
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Appendices

Appendix A: CAME Forum First Technical Meeting Agenda and List of Participants

Appendix B: Preliminary Draft Specifications for the Manufacturing Engineering Tool Kit

Appendix C: METK Development Context Briefings

» METK Overview
» Plan of Action

» Engineering Data Package Integration

» Manufacturing Engineering Data Package Validation

Appendix D: Application Software Descriptions

» ICEM Process Planning System
» Deneb Simulation Systems
» Matrix Product Data Management System

Appendix E: Initial Lists of Data Validation Needs

Appendix F: Engineering Data Validation Methods Review
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7:45 a.m.

8:30 a.m.

8:45 a.m.

9:10 a.m.

9:35 a.m.

9:55 a.m.

10:15 a.m.

10:30 a.m.

12:00 pjn.

1:00 pm

Computer-Aided Manufacturing Engineering Forum

Technical Meeting Agenda
Tuesday, March 21, 1995

Continental Breakfast

Welcome and Introductions C.McLean and M.Smith

Manufacturing Engineering Tool Kit Overview CMcLean
- Goals and objectives

• Assumptions, scope, and constraints

- System overview

Plan of Attack S.Leong
- Development plan

- Mode of operation, roles, test data, etc

Engineering Data Package Integration S.Ray
- Process planning function

- Data formats and integration issues

Data Package Validation S.Frechette
- What can be validated?

• Validation and error checking mechanisms
- Part mix and shop simulation model

Break

Vendor System Presentations
- Process Planning System ICEM Technologies

- Simulation Systems Deneb Robotics

- Product Data Management System Matrix

Lunch

Breakout Sessions All

• Product mix characterization

- Process-machine selection and prioritization

• Required data package elements

- Types of errors

. Validation requirements

3:00-3:15 pjn.

4:30-5:00 pjn.

Break

Wrap up and Adjourn for the Day



Computer-Aided Manufacturing Engineering Forum

Technical Meeting Agenda

Wednesday, March 22, 1995

7:45 a.m. Continental breakfast

8:30 a.m. Breakout Sessions All
- How do we detect the errors?

- Summary preparation

10:00 a.m. Break

10:15 a.m. Breakout Session Reports Working Group Leaders

11:15 a.m. Discussion and Open Forum M.Smith

11:45 a.m. Action Items and Next Meeting Plan S.Leong

12:00 p.m. Meeting Wrap up
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1. SCOPE

The Manufacturing Engineering Tool Kit (METK) is a software system that provides an

integrated set of tools for generating and validating process plans in a machine shop

environment. This functional specification document defines the objectives of METK. It

also describes its operational environment, functions, and characteristics. This section

identifies the tool kit, its major modules, and provides an overview of the contents of this

document.

The tool kit will integrate commercial off-the-shelf software (COTS) modules which can be

used to help: 1) plan part production, i.e., generate manufacturing engineering data

packages, 2) validate the contents of the engineering data package before a job is released

to the shop floor. Engineering data packages contain the information needed to perform

the manufacturing operations required to produce a single part or many parts. A data

package may contain a sequence of operations, data required for each operation, tooling

lists, machine control programs, operator instructions, quality control parameters, and

administrative documentation. The data in the data package may be the actual data, e.g.,

oven temperature = 1200F, or it may be a pointer to the actual data, e.g., the name and

location of an NC program file.

Although individual production processes can be proved out and validated prior to

production start up, data packages may still contain many errors that must be worked out

during the initial production run. Fine tuning the data package in this way is costly and

time consuming. On low lot size jobs, the potential cost per part could be quite high. One
possible solution to this problem would be to use simulation to validate the entire data

package prior to production. Many data errors could be eliminated prior to production by
simulating the production processes and using the data as inputs to the simulation models.

An example of this type of process validation is NC program simulation. Simulation

systems are used to visualize the NC cutting process to determine if there are any problems

such as cutting a fixture component. The actual NC program, fixture design, and machine

tool configuration are used as inputs.

The tool kit will integrate manufacturing process planning and simulation capabilities. It

will enable plan validation through the use of accurate simulation models and manual
checklists. Other functions may also be included in the environment at a later time, e.g.,

design, cost estimating, tool and fixture design, and time standards.

The scope of functionality for the tool kit is limited to:

- planning and validation of data for the production of a family of machined parts

which must precisely fit together to form mechanical or electromechanical

assemblies (planning of assembly operations themselves is currently not in scope).
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SCOPE

- variant process planning (development of expert process planning capabilities for

the selected family of parts is not within scope),

- selected machining and support processes, e.g., cutoff sawing, milling, drilling,

boring, reaming, tapping, turning, grinding, heat treatment, surface finishing, setup,

cleaning, and inspection (out-of-scope processes include: sheet metal operations,

foundry, chemical treatment , automated guided vehicles and other automated part

handling systems, scheduling, plastic and composite fabrication, waterjet/abrasive

jet cutting operations),

- validation of critical elements of the manufacturing process through simulation

and checklists, e.g., work piece setups - tool, fixture, work piece interactions; metal

cutting operations - access to reference surfaces, removal of proper volumes;

tolerance variations and stack ups, and assembly of machined parts (production

scheduling is not within scope).

Project collaborators will participate in finalizing project objectives, scope, and the selection

of part families, processes, equipment, tooling, etc.

1.1 System Identification

The software defined within this document is identified as the CAME Manufacturing

Engineering Tool Kit (METK). The abbreviation "METK" will be used where the reference

to the system is clear from the context of the document. Other acronyms used to describe

modules in the tool kit are as follows:

PDM - product data manager,

PPS - process planning system,

EDV - engineering data validation,

MRA - manufacturing resources administrator,

DBMS - data base management system(s), and

GUI - graphical user interface.

1.2 Purpose and Benefits

One of the major problems faced by manufacturing today is the lack of integration between

engineering tools (software). Engineers need integrated tool kits which are comprised of

software packages capable of sharing data. Unfortunately, the interface and database

standards do not exist which would enable the construction of integrated tool kits.

Furthermore, data generated by current engineering tools is not guaranteed to produce a
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correct part the first time. The METK project will assess industry needs, with respect to

manufacturing engineering tools and tool integration, and develop solutions.

The METK will integrate several commercial off-the-shelf (COTS) software tools that are

designed to help manufacturing engineers and other staff perform their jobs.

The environment will provide capabilities which will allow a skilled user to develop

manufacturing plans and evaluate those plans through simulation. Integrated databases

will be developed to maintain required data. The environment will run on one or more
computer work stations.

Three key components of the integrated environment will include: a process planning

system, a validation system based upon simulation and checklists, and a database

management system. Other stand-alone manufacturing engineering tools are also being

considered for inclusion in the environment.

Some of the functions that METK will support include:

• loading of product design data from several CAD file formats,

• management of product data, process data, and engineering change orders,

• work flow management for the planning and validation processes,

• planning of routings and operations for machine parts,

• selection of material stock, tools, and fixtures, as a part of the process planning

process,

• validation of engineering data through simulation and checklists,

• management of resource data required for planning and plan validation,

• preparation of hard copy reports, e.g., plans, tool lists, inventory status,

• recording of plan simulations on videotape.

METK also will provide functions and interfaces for:

• generating reports,

• recording simulation runs,

• system administration and user access control,

• importing and exporting data in external formats, and
• development of system extensions, i.e., new machine models for the simulated

shop and checklists for manual data validation.

The benefits realized from the METK will be applicable to Defense as well as civilian

manufacturing. The METK may be installed at internal DoD manufacturing sites, primes

and subcontractors, and non-defense commercial manufacturing facilities. It can be

assembled by procuring its component modules from system vendors participating in this
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project. Virtually all manufacturing facilities would benefit from improved capabilities in

the areas addressed by this project.

METK technology will help manufacturing engineers identify errors, make better decisions

and more quickly evaluate the effects of those decisions. By improving process planning

and simulation capabilities, a much greater percentage of products will be produced

correctly the first time. Furthermore, the overall time to perform the engineering function

will also be reduced if fewer changes to plans and programs are required once a job hits

the shop floor. These improvements will result in fewer scrapped parts and less re-work.

The integration of software packages and common databases will ensure that less time is

wasted re-entering the same data into multiple engineering tools.

A number of broad benefits will be seen as a result of improvements in the manufacturing

engineering function:

• Better utilization of shop floor equipment, i

• The best equipment for the job will be selected more often.

• Less equipment time will be consumed by non-productive work, e.g., producing

scrap and performing rework.

• Shops will be able to respond quicker to rush orders if their resources are used more

efficiently.

• More energy can be devoted to producing higher quality products.

• Better response times are needed to obtain spare/repair parts for existing weapon
systems as well as to shorten the development time of new systems.

1.3 Document Organization

Section 2 describes project goals and objectives of the METK system. The section

introduces general capabilities, basic requirements, and the intended operational

environment. Section 3 specifies tool kit requirements in terms of engineering functions,

the data base management systems, user interface, computer system hardware and

software. Section 4 provides a glossary of terms used in this document.

For readability, all statements about the METK and its component modules are made in

present rather than future tense.
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2^0BJECTIVES

The purpose of this section is to define the overall objectives of METK project and the tool

kit environment. It also describes the operational environment for the intended application

of the METK system.

The overall goal of Computer-Aided Manufacturing Engineering (CAME) is to lower

manufacturing costs, reduce delivery times, and improve product quality through the

coordinated development and use of advanced software tools. The METK Project supports

this goal by achieving integration between at least two important CAME systems, i.e.,

process planning and manufacturing data validation. Objectives of the tool kit project

include:

- Development of architectures, database structures, and techniques for integrating

manufacturing engineering tools, e.g., process planning, and manufacturing

simulation systems,

- Integration of at least three major elements of a tool kit environment:

• a process planning system,

• a manufacturing simulation system, and
• a database management system.

- Development of common databases for maintaining the following types of data:

process resources and capabilities, tools and fixtures, process plans, and simulation

models of selected manufacturing equipment,

- Testing and validation of the integrated system using real world data,

- Development of solutions that could be used by large and small shops alike,

- Recommendation of potential standards based upon project results, e.g.,

• information models for the relevant data,

• database structures for common databases,

• functionality of software tools,

• interfaces between tools and other system elements.

2.1 General Capabilities

METK is designed to be used by manufacturing engineering and machine shop personnel

in a small batch machined-parts production environment. Hie METK provides integrated
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tools to plan production parts and to ensure that plans are correct before the first piece goes

into production on the shop floor. Some examples of required tool functions include:

• load part design and specification data prepared using commercial CAD systems,

• identify initial work piece materials, e.g., sheet and bar stock,

• prepare process plans including part routings and operation sequences,

• select cutting tools and fixtures,

• validate plans using simulation and checklists,

• manage work flow within the engineering process, and
• track product and process data.

This list provides examples of typical functions. A more complete list of required

capabilities is provided in the individual module descriptions in Section 3 of this

document.

In addition to engineering functions, METK provides tools for producing reports,

recording simulation runs, loading and administering various types of engineering and

manufacturing resource data, and a graphical user interface.

2.2 Basic Requirements

Requirements for the tool kit can be decomposed into the following major groups of

functions:

• process planning,

• engineering data validation,

• manufacturing resource data administration,

• work flow management, and

• product and process data management.

A process planning system is used to develop plans for the machining and assembly of

precision components. The process planning system is also used to select cutting tools and

fixtures. Process planning will initially focus on a limited set of test parts. Test parts will

be used during initial system development and configuration to analyze tool kit

performance. Test parts will be used as inputs into process planning and engineering data

validation modules. Part data includes design data, CAD files, and performance

requirements. Initial test parts must be simple enough to be processed, but complex

enough to provide meaningful input. Tentative test part characteristics are as follows:

• Material: machinable metal alloys

• Work volume: Up to 24 inch (60 cm) cube
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• Weight: Up to 250 lb (100 Kgm)
•Machinable features: holes, pockets, cylindrical features, threads, bores, c-bores,

flats, chamfers, grooves, slots, etc.

• Assembly operations: mechanical fasteners, force fits, shrink fits

• Finishing operations: deburring, heat treatment, painting

• Tolerances: up to 0.002 inch

A simulation system and an interactive set of checklists provide the tools for validating the

engineering data package. A process plan interpreter is required in the process planning

system to run and validate plans. A generic machine shop is modeled in the simulation

environment. Processes and machines which are required or are under consideration for

the simulated shop include:

• Metal cutting machines and systems:

- NC 3-axis vertical milling

- NC 3-axis horizontal milling

- NC 2-axis turning

- NC 2-axis grinding

- Machining center w/pallet handling system
- Tapping, threading

- Sawing machines (manual)

- Drilling machines (manual)

- Milling machines (manual)

- Turning machines (manual)

• Tool and workholding devices

- Cutting tools and tool assemblies

- Tool presetting system

- Jigs and fixtures

• Material handling
- Pallets

- Multi-pallet work handling for machining center

- Marking, bar coding

- Storage area

- Tool room and tool racks

• Metal joining and assembly
- Mechanical fastening systems

- Assembly station
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• Metal cleaning and finishing

- Manual and vibratory deburring system
- Parts washing, degreasing

- Painting

- Heat treating, hardening
- Abrasive finishing

• Controls, computers, and software

- Inventory tracking and reordering system
- Distributed numerical control

• Inspection and quality control

- Inspection stations (manual gaging)

- Coordinate measuring machine *

Other capabilities which may be included in the validation system are to demonstrate the

effects of variations in tolerances on piece parts, cutting tools, fixtures, and assemblies.

Databases will be used to maintain common data, i.e., data that is relevant to multiple

engineering tools (or possibly other tools in future CAME tool kits). In this context, the

product data management module represents a part of the database system. Information

maintained in the database(s) includes: product specification and design data, process

plans, tool and fixture data, machine capabilities data, simulation results, and simulation

models.

Other METK requirements are to provide tools for managing, accessing, editing, viewing,

printing, and recording the data associated with the planning and production of machined

parts. Associated support functions include software installation, backups, and system

security, i.e., controlling which users may access and update which information.

Additional objectives are to provide an import/export capability to handle external data

formats and an interface for developing user-specific shop models and validation

checklists.

2.3 Operational Environment

The first version of METK is a single workstation system which is intended for use by
process engineers working in an engineering office area. The workstation will not be

hardened for shop floor use. The workstation will run the UNIX operating system and will

be networked to other NIST computing systems. The UNIX environment was chosen

because it is widely accepted by the "commercial off-the-shelf’ (COTS) software market for
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workstation-based applications. It is the only operating system common to the baseline

software selected for this tool kit. In the long term, UNIX provides an open architecture

that can run on platforms varying in size and having different hardware architectures.

The core of the METK is a data repository which is based on both relational and object-

oriented database technologies. Two of the selected engineering tools include run-time

database licenses: Objectivity (Matrix) and Oracle (ICEM Technologies PART). Whether

different database products will be used for the METK database management system

remains to be determined.

The graphical user interface (GUI) of METK provides windows for displaying part

geometry, workstation setups, process plans, tooling lists, machine capabilities, simulation

graphics, validation checklists. A commercial window management package has not yet

been selected. See section 3.3 for more information on the user interface. Remote operation

of the METK using an X-windows interface is being investigated.

Two peripheral devices are supported for the generation of reports and videotape

recordings of simulation runs. All reports are generated in black and white Postscript

format. Paper size is 8 1/2 by 11 inches or the metric A4 format. A Postscript laser printer

is required. All recordings will be generated in NTSC video format. A video recorder

supporting either 3/4" or VHS formats is required.

METK development platform is the Silicon Graphics Onyx Extreme workstation. The

UNIX operating system version used is IRIX 5.3. The system will be designed to be ported

to a Silicon Graphics Indigo Extreme workstation for industrial testing. It is likely that

Indigo Extreme workstation will not support the running of large simulation models.

Further information on the hardware configuration of the development environment is

contained in Section 3.
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3. TOOL KIT FUNCTIONS AND CHARACTERISTICS

This section divides the functional capabilities of METK into three major categories. The
data required to support each function is also briefly introduced. The topics covered in the

remainder of Section 3 are briefly outlined below:

3.1 Tool Kit Functions - The principal engineering and support functions are

described: process planning, engineering data validation, product data and work
flow management, manufacturing resources administration, reporting, videotape

recording, system administration, external data format support, and user-specific

application development.

3.2 Database Management System and Databases - The database management
system(s) and required databases are identified.

3.3 Graphical User Interface - The major.component elements and functions of

graphical user interfaces are described. *

3.4 Computer System Characteristics - The computer hardware, peripheral devices,

operating -system, and supporting software products are identified.

This section not only identifies the functions of METK in each of these areas, it also

provides background information on the significance of these capabilities.

3.1

Tool Kit Functions

This section identifies and describes each of the specific functions of METK. The section

is divided into subsections which address the following functions:

3.1.1 Process Planning

3.1.2 Engineering Data Validation

3.1.3 Product Data and Work Flow Management
3.1.4 Manufacturing Resources Administration

3.1.5 Report Generation

3.1.6 Videotape Recordings

3.1.7 System Administration

3.1.8 Support for External Data Formats

Subject to industry inputs, other functions may be included in the environment. Some
examples of important functions which may be added at a later time are: computer- aided

design of parts, tool and fixture design, other types of simulation, time standards, and cost

estimating.
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3.1.1 Process Planning

Process planning is one of the key functions involved in the development of the

engineering data package. Some of the functions that the Process Planning System (PPS)

performs include:

a) provide capabilities to import product model files such as Pro-Engineer, CATIA,
PDES/STEP, ACIS, etc.,

b) provide capabilities to change or define the geometric tolerances for the imported

models as required,

c) provide capabilities for featured-based analysis of products,

d) support group technology classification ;and coding of products,

e) provide capabilities to define specific machining methods for individual parts

that contain a classification of manufacturing features, cutting tools, materials and

machining motions required for production,

f) provide capabilities to generate setups including selecting jigs and fixtures per

setup,

g) provide capabilities to select specific machine tool per setup including toolset

selection,

h) provide capabilities to define machining operations and to optimize machining

sequences,

i) provide capabilities to generate machining tool path including the cutting

conditions,

j) analyze tradeoffs for different processing options,

k) generate reports for production, e.g., process plans, tooling, setup sheets, material

requirements list, NC programs,

l) manage process engineering data.

The software package used to implement the process planning function is ICEM
Technologies PART Version 1.2.100.
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3.1.2 Engineering Data Validation

Simulation systems have been used on a limited basis to analyze manufacturing system

designs and predict their performance. The Engineering Data Validation (EDV) module
uses simulation and interactive checklists to aid the engineer in the validation process. A
commercial manufacturing and mechanical simulation system is used to provide models

of machines and fixtures, primitives for basic metal cutting operations, and process plan

execution. Although NC programs are frequently verified using simulation capabilities,

the same does not hold true for process plans. Industry needs good simulation,

visualization, and analysis capabilities to ensure that process plans are complete and

correct before jobs are released to the shop floor. Functions which tools must support

include:

a) Provide mechanisms through simulation and checklists to detect a variety of

engineering data package errors including:

• process problems,

• process incompatibility,

• resource availability,

• machine control program errors,

• tooling/fixture problems,

• invalid estimates,

• administrative errors.

b) provide editing capabilities to develop simulation models for manufacturing

systems which are capable of precisely modeling mechanical systems,

c) provide functions for loading, interconnecting, and managing shop, machine,

part, and planning data within the simulation environment,

d) provide functions for evaluating alternative system configurations, e.g.,

throughput, bottlenecks, equipment selections, operating procedures, effects of

breakdowns, system kinematics, etc.,

e) provide time scaling options for accelerating or slowing down simulation

runs,

f) provide display functions for presenting simulation data and checklists in

tabular, iconic, 2D, and 3D graphical formats,

g) provide selective replay functions for portions of simulation runs.
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h) generate reports for summarizing the results of simulations,

i) manage simulation archives including: building block models, catalog of

systems, and saved runs,

j)
provide an application programmer interface for incorporating: (1) database

management system interface, (2) process plan interpreter, (3) pop up validation

checklists, and (4) possibly other system extensions.

The software packages used to implement the engineering data validation function are

Deneb Robotics QUEST Version X, ENVISION Version X, and VIRTUAL NC Version X.

A separate software package may be selected to implement validation checklists.

Other functions under consideration for this module include tools for identifying and

analyzing tolerance problems. A common cause of rejected parts is tolerance problems,

e.g., tolerance stack up, dimensional interaction, poor choice of datum reference

points/lines/planes, insufficient process capability data (i.e., can the process satisfy

tolerance constraints), etc. Industry needs to help recognize tolerance problems and

develop solutions.

3.1.3 Product Data and Work Flow Management

The METK accesses a number of different types of engineering and manufacturing resource

data. Product data and work flow management functions are needed to handle this data.

The Product Data Manager (PDM) provides these functions. Required capabilities for this

module include:

a) provide mechanisms for defining user roles and controls to ensure that users

cannot access product and process data without proper authorization,

b) provide embedded revision control mechanisms to maintain integrity and
consistency of product and process document versions,

c) provide functions for graphically defining and managing work flow based on
multiple engineering business models and on a per-product basis,

d) provide capabilities to launch engineering tool applications from the work flow

manager and initialize the applications with the proper work context, i.e., data files

to be reviewed, edited, etc..
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e) provide e-mail notifications to designated users when changes in statuses for

product and process data,

f) support dynamic definition of product and process data structures,

g) provide a range of functions for managing product and process data in a multi-

platform networked computing environment including: object creation, browsing,

searching based on key attributes, document check-in and check-out, viewing based

on object type, editing, annotation, and linking,

h) support the management of a variety of data object types including: drawings,

text specifications, work orders, memos, electronic mail, spreadsheets, solid models,

process plans, simulation models, checklists, work standards, video, change orders,

layouts, and schematics,

i) provide a capability to establish user-defined classification systems for product

data, and

j) maintain history data on the processing of individual products.

The implementation of this module is based upon the Matrix product data management
system. Version X.

3.1.4 Manufacturing Resources Administration

The Process Planning and Engineering Data Validation modules require and need to share

a number of different types of manufacturing resources data. Examples of this data

includes: cutting tools, fixtures, job skill categories, machine capabilities, machine

attributes, material handling device characteristics, shop and machine status, and operation

times. The Manufacturing Resources Administration (MRA) module provides functions

and window-based forms for loading, entering, editing, printing, and checking the various

types of resource data required by the METK.

3.1.5 Report Generation

A number of METK functions produce hard copy reports or listings. A report is a form

which organizes and tabulates text or numeric data from the database. Report specification

screens are a part of the user interface. The user specifies the parameters required to select

and complete a given report. The report generator accesses the database to retrieve data

and provides a number of formatting functions for producing high quality report

documents. All reports may be viewed on the screen, routed to a file, or produced as hard
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copy output on a printer. Hard copy reports are printed on a Postscript laser printer. The

report generation functionality is likely to be implemented as an extension to one or more
of the commercial database management system(s).

A summary of METK report types follows:

a) Process plan - specifies the steps required to produce a given machined part. The

report provides a plan header, a resource requirements list, and a process

specification.

b) Tool catalog - provides a listing of cutting tools and fixtures maintained in the

tool kit environment.

c) Tool status list - provides a listing of the location and status of tooling within the

simulated shop environment.

d) Tool setup specification - provides a component bill of materials and a setup

drawing for a particular tool assembly.

e) Data package list - provides a structure listing of all product and process data

elements contained within data packages maintained by the system.

f) Machine models list - provides a list of machines modeled in the engineering data

validation system and their attributes.

g) Data validation results - provides a listing of simulation results, time estimates,

errors and warnings resulting from validation of a selected engineering data

package.

h) Shop layout plan - provides a layout drawing of a selected simulated shop floor

configuration.

3.1.6 Videotape Recordings

The computer workstation contains a video interface for recording the graphical screen

displays from simulation runs and tool kit sessions. Videotapes may be maintained as

archive records to later demonstrate how specific parts are produced, train new users on
the tool kit, provide video records of process plans for shop personnel, etc.

The video interface will generate NTSC video output. The signal will be compatible with

normal 3/4", VHS, and Beta recorders used in the U.S. market.
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Control windows provide for setting up work sessions, providing identification

information at the beginning and end of recordings, and initiating simulations for

recording. The videotape recorder itself is operated under manual control. Options for

placing the recorder under computer control are being investigated.

3.1.7 System Administration

METK is designed to run in a single Unix workstation or multiple workstation

environment. Normal system administrative procedures are used to maintain the tool kit

environment, establish accounts for new users, etc.

This section describes some of the administration functions and capabilities that are

required to support a METK environment. Functions covered include:

3.1.7.1 Installation

3.1.7.2 Backup and Restore

3.1.7.3 Access Control

3.1.7.4 Administrative Utilities

A brief summary of each of these functions follows.

3.1.7.1 Installation

Installation is the initial loading and setup ofMETK on a new workstation or at a new user

site. Initially two tool kit installations are planned: 1) the Silicon Graphics Onyx
workstation used for development and integration testing, and 2) the Silicon Graphics

Indigo Extreme planned for industry "alpha" testing. Temporary licensing issues

associated with the testing phase still must be addressed.

New installations will typically be performed by vendor representatives and/or NIST
Global Systems Support staff. Script files are used wherever possible to automate the

installation process. Manual intervention may be required to provide system specific

installation data.

Loading of test data (e.g., parts and tooling data) is not considered part of the installation

process. This subject is addressed in Section 3.1.8, Support for External Data Formats.

3.1.7.2 Backup and Restore

Backups are needed to restore a system after a disk crash, other system failures, or in the

case of accidental file deletion. METK provides utilities for automatically backing up tool
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kit files to a designated Unix file server. Systems support staff perform full backups of the

METK software and data using their normal utilities. Functions are also provided within

METK to backup and restore databases separately.

3.1.7.3 Access Control

Access control is implemented through capabilities provided in the Unix operating system

and the product data manager. Users will be divided into classes based upon their job

function. File access privileges will be afforded based upon their assigned user group and

job function.

3.1.7.4 Administration

METK is intended to be a low maintenance system. METK maintenance duties will be

performed by regular systems support staff. System administration functions which must

be performed include: setting up user accounts (initial passwords, privileges, directories,

default login files), handling networking problems, performing system backups, managing

disk allocation, installation of system upgrades, new user training, correction of hardware

problems, etc.

3.1.8 Support for External Data Formats

The METK provides a set of import/export capabilities which may be used to transfer data

to and from the system. The external formats which may be used to import product design

and/or machine model data into the tool kit include:

a) Pro-Engineer

b) CATIA
c) ACIS
d) STEP
e) IGES
f) Autocad DXF

A standard delimited file format will be used to import other types of manufacturing

resource data into the databases. Standard delimited file formats are export options on
many database management systems. Other import and export data capabilities are yet

to be determined.

3.2 Database Management System and Databases
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The management of data is a major function of METK. Currently, data is typically

maintained in the proprietary file formats of the software vendors. Some software

packages may employ a commercial database management system for data storage.

Commercial database management systems provide capabilities which make large

amounts of data more accessible, manageable, and useful. Although conventional database

management systems provide better opportunities for interoperable software tools, they

do have limitations. A more flexible approach to data management in the future will

probably be based upon object-oriented programming techniques. In object-oriented

systems, the line between programs and data is blurred. This approach also tends to result

in the develop of more modular systems. Commercial database management systems with

relation and object-oriented data management capabilities are required within the METK.

Engineering data has different representations within different tools. There is no common
conceptual model for the data required by the COTS software within METK.
There is also no agreement on the physical file formats for most of the data used by

engineering tools. Without a common data modeliand standard data formats, it is virtually

impossible to develop plug-compatible COTS software systems in the future.

The METK database will be based on developing a common data model for a subset of the

engineering data that is within the scope of the tool kit. The common data model identifies

the types of data that are required, the meaning of each data element, and the relationships

that exist between the different types of data. Common data models for part specification

data (geometry, materials, tolerances) has been developed as part of the ISO STEP effort.

Some of the other types of engineering data under consideration for the common METK
data model and databases includes:

- Process resources/capabilities,

- Tool and fixture specifications,

- Tolerance allocations,

- Setup specifications,

- Process plans,

- Simulation models of equipment, processes, tooling, setups, and parts.

Other functions required of the DBMS include: automatic generation of data dictionary

entries from information models, programming and subroutine access interfaces, and a

report generator.
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3.3 Graphical User Interface

The graphical user interface (GUI) functions include: 1) window management, 2) special

purpose display generation software (e.g., graphics rendering), 3) application windows
(e.g., part display, setups, tools, fixtures, list of stations, process taxonomy and capabilities,

process plan steps and resources), and 4) system administration windows (version control,

environment initiation, backups, database loading and purging, user account

management).

METK has two principal modes of operator/user interaction: engineering and

administration (updating system data). A consistent user interface is required for both

modes of operation. It is assumed that system administration will only be performed by

a skilled computer user.

A window management system is required to provide a consistent interface to display

windows and their component elements, open multiple windows, change the size of

windows, iconify windows, select items from lists, select items from menus. Windows,
panes (sub-portions ofwindows that can be independently sized), sashes (for sizing panes),

pull down and pull up menus, dimmed menu selections (unavailable or inapplicable

options), cascade menus, option menus, list boxes, dialogue boxes, push buttons, check

boxes, radio buttons, text entry boxes, and pop-ups are supported.

METK provides context-sensitive help as contained within baseline COTS tools. The
embedded help capabilities offer the user advice or guidance depending upon the function

that is currently being performed or based upon the error which may have just occurred.

3.4 Computer System Characteristics

This section identifies and describes the key characteristics of the computer system

hardware and software on which the METK system runs. It describes how the system

relates to peripherals and other computer systems.

3.4.1 Hardware

METK's hardware architecture is initially based on a single UNIX-based Silicon Graphics

workstation. The workstation will be used to develop, integrate and test the METK
module. The configuration of the workstation is as follows:

Onyx Extreme Deskside workstation

- 200 mhz dual R4400 processor.
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-128 megabyte RAM,
- 4 megabyte secondary cache,

- 2 gigabyte internal DAT tape drive,

- 2 gigabyte SCSI-2 internal disk drive,

- internal CD ROM,
- dials and buttons box, and
- 21 inch Multisync Granite monitor.

The workstation is networked to other computer platforms located within the Advanced
Manufacturing Systems and Networking Testbed (AMSANT) facility and elsewhere at

NIST. As such, it is connected to the Internet. File transfer protocol (FTP) may be used to

transfer data files and software from collaborator sites.

A Postscript-capable laser printer is required to output reports. A video interface card and

videotape recorder is required to log simulation rims.

3.4.2 Required Support Applications

Application support packages that are required to run the METK include:

IRIS Development System for IRIX 5.3 operating system including C++ 4.0 and

Viewkit 1.1,

Oracle - relational data base management system.

Objectivity - object-oriented database management system,

GUI window manager, and

other applications yet to be determined.

Software development, system build, and configuration management utilities are required

to maintain and extend the tool kit. These are software tools which support the software

development process, building of system versions from the correct source code modules,

and management of source code and link libraries. Software development tools will

include: information modeling systems, general Computer-Aided Software Engineering

(CASE) tools, compilers, linkers, debuggers, code generators, etc.
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4. GLOSSARY OF TERMS

CAME - Computer-Aided Manufacturing Engineering.

COTS - commercial off-the-shelf software.

Engineering data package - Engineering data packages contain the information needed to

perform the manufacturing operations required to produce a single part or a lot of parts.

A data package may contain a sequence of operations, data required for each operation,

tooling lists, machine control programs, operator instructions, quality control parameters,

and administrative documentation.

Generative process planning - A process planning system which uses expert rule-based

systems to generate process plans from part descriptions.

METK - Manufacturing Engineering Tool Kit.

System architecture - A technical specification for a system which identifies its major

modules, functions of the modules, types of data used by the modules, and interfaces

between the modules.

Tool Kit - A set of software packages that provide an integrated set of functions and share

data to serve a common business purpose, e.g., manufacturing engineering.

Variantprocess planning-

A

process planning system which new process plans are created

by searching for existing plans for similar parts and modifying the plans to accomodate

variations in the new part.
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Appendix C: METK Development Context Briefings

«* METK Overview
» Plan of Action
» Engineering Data Package Integration

» Manufacturing Engineering Data Package Validation
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International Organization for Standardization TC 184/SC4 N259
Subcommittee 4
Industrial Data and Global Source: Secretariat

Manufacturing Programming Languages Date: 7 June 1994

ISO CD 10303-213

Product Data Representation and Exchange - Part 213:

Application Protocol: Numerical Control Process Plans

for Machined Parts

Attached .is STEP Part 213 which specifies an application protocol (AP) for the

exchange, archiving and sharing of computer-interpretable numerical control process

plans for machined parts. The intent of this AP is to enable the sharing of data

among dissimilar computer aided process planning systems. The AP specifies the data

contained within a process plan as opposed to the data necessary to perform process

planning functions. Included are the relationships that exist between the different

process plan data elements as well as the relationships that exist between these data

elements and the product definition data. Product definition data includes data

elements such as geometry, surface finish and tolerance.

This document is the same as SC4/WG3 N303 10 May 1994 and has been reviewed and

approved for CD ballot by the following:

Qualification

Integration

Project Leader

Working Group
PMAG

Mary Mitchell

Yuhwei Yang
Larry Parker

Barbara Warthen

Neal Laurance

11 May 94

10 May 94

7 Jun 94

7 Jun 94

7 Jun 94

CD BALLOT CLOSING DATE - 7 OCTOBER 1994

CD ballots are required by all SC4 *P* Members by the due date shown above.

Commentors are asked to send their material in electronic form to speed the

summarization and reporting of results. Email has been found to be most effective,

although comments in ASCII form on PC format floppy disks are acceptable if they

are sent via overnight mail.

Secretariat: National Institute of Standards and Technology Phone 301 975-3558

A127 Building 220 FAX 301 258-9749

Gaithersburg, MD 20899 USA Email smithb@cme.nist.gov
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Appendix D: Application Software Descriptions

» ICEM Process Planning System
» Deneb Simulation Systems
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Introducing MATRIX

The Company
• Independent Business Unit

• Industry Recognized Staff

• Customer-Driven Organization

The Product

• New “Clean Slate” Approach

• Next Generation Environment

• Built by Users for Users

^MATRIX

• If asked -> Matrix is an independent division of Adra Systems,
with a mission to equally support customer choice in CAD and other

application tools

• It is staffed from industry (Sikorsky, system integrators, etc.) with

personnel who specialize in product process automation; users and
implementers who were frustrated with “technological dead-ends”
and the limitations of current technology

• They have formulated and lead major changes in engineering

processes

• They bring an understanding of customer needs - for they believe

systems should behave the way users want them to and accommodate
the customers’ way of doing business

• The Matrix product builds upon advanced 90’s technology:

• object-oriented databases and coding structures,

• flexible user interface development kits, and

- multimedia tools

all on standard hardware platforms

• This commitment to advancing the user’s perspective for

information tools was the basis for the totally new approaches and
design choices used in the development of the Matrix System



Customer Challenges

• Increasing

- Product Complexity

- Volume of Change

- Rates of Change

• Dynamic, Project-Oriented

Organizations

• Fluid Applications Usage

*§£MATRIX

• Customers are facing ever increasing challenges:

- products are continually becoming more complex

- the name of the game today is time-to-market, dictating find and revise

previous work - not reinvent the wheel

- increasing derivative products creates more versions to manage

• increasing collaboration with other divisions, suppliers, customers,
and partners generates more sources of design impact which leads to

more change

- time-to-market pressure requires that design iterations occur in less

time (shorter cycles), leading to higher rates of change

- traditional line organizations are being restructured as cross-
functional project teams to achieve their objectives

- these teams are very fluid to better adapt to the project at-hand;
people can belong to several teams and have differing roles in each one;

this mandates that the information management environment needs to
be flexible and dynamic to support changing priorities and
assignments

- the applications in use today at a customer are not necessarily those
that will be used tomorrow; customers want to use the best tools for each
job which results in an ever-chaging applications mix



State of the Market

• Unfriendly Systems

• Limited User Control

• High Costs of Ownership

• Fixed Functionality

• Imposed Architectures

• Poor Performance

• Complex Integration

^MATRIX

• Then why has data management technology been adopted by approximately
only 3% of the companies it is intended to benefit?

• Recent studies by Andersen Consulting and Coopers & Lybrand identify the reasons
limiting adoption:

- the number one reason cited by 70% of respondents is ease of use; since

people buy tools they can use, ease-of-use is critical to both user and management
acceptance

- many current offerings are difficult to implement and/or require a high
dependence on the vendor or specialized resources to make changes; users want
control over their environments and migration

- beyond price, all of this translates to many hidden lifecycle costs including

consulting, installation, customization, administration overhead, maintenance, and
platform penalties to support growth that’s not scalable; of note is the hidden cost of

server hardware that must grow with the number of users in a relational-based system

- many systems remain “bounded” to specific tasks that force users to modify
their way of doing business or are “unbalanced” in their support of data, workflow, and
integration management; and that can create new bottlenecks on top of the ones
you’re trying to solve

• inflexible configurations for platforms, databases, networks, and topology can
force structural tradeoffs of architectural objectives for things like performance,
redundancy, or remote support; moreover, with relational systems, performance is

much worse for similar-size databases compared to object-based systems, and
performance degrades as users are added to a relational system

- and you shouldn't be restricted in choosing third-party applications or having
to mutilate target applications and legacy file systems to interoperate or exchange
data with them



The MATRIX Mission

• Improving Control of Information

• Understanding & ReEngineering Processes

• Integrating Existing & New System Tools

• Facilitating Collaboration

• Providing Intuitive Work Environments

MATRIX

• Matrix is targeted at helping companies realize business benefits from
information management technology. Critical elements of the Matrix
mission are:

- keeping pace with the increasing variability/rate-of-change with today’s

products and the technology in them by consolidating information and
providing fast/easy access;

- giving visibility to process and workflow by supporting the user to

dynamically design, model, and change processes to achieve and enforce

"best practices”; best of all, with an object-based system you can implement it

to model today’s environment to see current processes before deciding to

make changes; relational systems are so complex to start-up, that the process
re-engineering must be done in advance because you can only afford one
implementation cycle - Matrix lets you change dynamically, continually

adapting to your evolving environment

• enabling the user to choose and introduce the best tools such as
applications and platforms to do the job;

- increasing the speed and quality of communications among users,

teams, departments, divisions, and customers/suppliers; and

- providing consistent and natural means of managing information
independent of source or function in a way that compels adoption and usage

• Ifyou want to go further with this -> Time, cost, and quality returns are not

ends in themselves, but the means to gain and sustain competitiveness which
results from the growth of user capabilities - not point "solutions” from
vendors - and how those returns are internally applied



MATRIX Defined

A Comprehensive Facility for Managing Any

Type of Information in Any Business Process

• To accomplish this, Matrix was designed from the outset as a uniform
environment to:

- consolidate information and make it easy to find,

- integrate and use the applications that create it, and

- provide visibility to, and control over, the processes that govern object
lifecycles

• In Matrix, information is managed as business objects, typically documents or

files of any format (or multiple formats)

• Matrix interoperates with any application that shares its environment without
requiring modification of, or complex integration with, target application(s); this is

achieved by “encapsulation” which reduces barriers caused by platform differences

and smoothes information flow from application to application

• The organization is described in human terms by identifying the people,
groups, and their roles to accommodate today’s reality of an individual supporting
multiple roles or groups, and performing single or multiple functions

• It is the user-defined policies such as relationships and attributes for objects that

form the basis of integral process control to direct the workflow, communication, and
approvals among users, their information, and the respective applications

• All of this is easily installed, operated, maintained using intuitive and highly
visual user interfaces that virtually eliminate programming; the system can be
changed or expanded in any dimension, at any time, as a dynamic environment



Objects: Capable of Representing Anything

•^MATRIX

• Objects typically contain documents or files such as memos, POs,
drawings, specs, test results, project schedules, machine control data,

binary images, etc. in any media format (including things like voice and
video)

• Any number of object types (or classes) can be defined by the
user with familiar names and terminology and can be characterized by
any number of attributes

• There are no limhs to the number of files in objects and no
restrictions based on source application or naming convention

• Objects can be linked and navigated by various relationships on
the fly (in real-time)

• It is through these relationships that capabilities like check-in/out,

workflow, revision and versioning, and third party application access
become intrinsic functions available from a common framework

• For example, changes made to an object as it progresses through its

lifecycle are automatically maintained in its history to support regulatory

compliance

• Other examples of the versatility of objects include license
management of software tools and master indexing of paper and
microfilm/fiche drawing vault



±

Policies: Define and Govern Object

Characteristics and Behavior

MATRIX

• Policies establish the workflow of an object and the rules governing the

originator, reviewers, approvers, and recipients of information as it moves
through its lifecycle

• Policies for objects are defined and maintained by an administrator
without programming and can be different for each object, object type, and
group of objects

• In addition, a single object can have multiple policies for each related

project with which it is involved

• They can be applied to:

- event or time-based workflow states,

- routing and distribution to reviewers, and

- automatic storage of file conversion processes

• Typical applications include:

• providing change control and configuration management to manage
multiple versions and revisions,

- controlling electronic signatures, access, and modification rules, and

• providing automatic notification via IconMail or Email

• This ability to graphically incorporate process control, combined with
the power of object relationships, gives users maximum versatility to
apply and architect a Matrix solution to virtually any information
management problem



• Matrix is built upon a modern architecture to give users control

• The System’s visual user interfaces provide a completely
graphical (and inviting) method of interacting with information,

applications, and processes

• Users can select from Motif, Open-Look, or Windows GUIs with a click

of the mouse

• Advanced capabilities only available due to the full

implementation of object-oriented technology (data and code
bases) include:

- scalable performance,

- full distribution of databases anywhere on the network, and

- automatic functions for the management of change, configuration,

notification, file conversion, workflow, etc.

• Through encapsulation techniques, integration can be as simple
as a single command line or shell script to access an application or
exchanges files



Visual Interface

*§£MATRIX

• Every major function within Matrix is presented and operated visually

• Matrix employs a Windows paradigm throughout, providing the lists of

menu options with pull-down menus while a toolbar presents frequently used
functions in icon form

• Only Matrix has Iconlmages that allow users to see snapshots of the data
which eliminates having to interpret filenames

• Dialogues and keyboard entry are reduced by providing lists of selectable

options and allowing users to set and save session preferences

• The database is navigated with browsers that instantly present multiple

views of objects, their relationships, and workflow states; the user only needs
to ask Matrix a query once, from then on ail data can be located through
intuitive exploration and browsing

• An intelligent addition to Email, called IconMail, employs these visual
techniques and reduces network traffic by sending the icon of an object
rather than duplicate copies of data to message recipients; IconMail is a
powerful communications tool because it allows the sender to send a “string”

to another Matrix user who can instantly browse for related or effected objects
from within the mail tool instead of having to leave the mail system to respond

• All of this saves time, compels user adoption (and acceptance), and
provides a consistent means of managing information regardless of the
user's particular ro!e(s)



Object-Oriented

• Manages Any tnfennation

• High Performance

Relationships

• Fully Distributable

• Multiple Storage Methods

• Interactive & Batch Modes

• Integral Process Control

• To get the full power of objects requires more than what others call being object-

based - written in C++ or object coding structures

• Matrix is based on fundamental change in root technology to provide advanced
capabilities, and is the first system of its kind built upon ODB technology

• Object-oriented databases are achieving a high rate of adoption throughout the

commercial software market - from CAD companies using them in geometry engines
to IS suppliers in transaction processing

• Even market leaders like Oracle have endorsed the advantages of object
technology and committed to deliver their own ODB
• ODB technology provides a third dimension where relationships exist as an
integral part of the data model - both data elements and knowledge about their

inter-relationships are available to speed creation, modification, navigation, and
reporting

• The depth-of-function and efficiency found in object management is superior in

flexibility and user-related functions because:

• any information can be stored independent of the source or application that

created it and file format recognition is automatic,

- individual databases can be located anywhere and dynamically relocated,

- interactive and batch modes are available,

- multiple storage methods such as tracking, capturing, and ingesting can be
used or combined, and

• process control is integral so automatic functions can be applied



Encapsulation

F
• Transparent Application Services

r.
r*.

- Launch for View, Markup, and Edit

p-—
1

- File Translation

— - Format Independent Printing/Plotting

=1 • Coupled to Lifecycle

• Tools for Easy Integration

”lF • Multiple Data Formats

MATRIX

• Matrix is designed so that modifying the application tools with which it

operates is not necessary; this reduces sensitivity to (and the burden of

maintaining) application revisions

• Encapsulation allows third-party applications to be accessed, invoked,
and data exchanged within the same operating environment as Matrix

• For example, in other systems file operations must be added to a given

application to move files in and out - this is complex and requires specialized

programming resources (not to mention cost)

• With Matrix, the only action the user must take is to describe the file format

using the Business Administrator module

• Matrix provides several unique integration functions that work for any
application with a consistent interface; these tools make operations such
as launching (to perform any function from that application), printing, and
translating transparent

• Because of its ability to manage relationships, Matrix can actually

achieve a deeper level of integration than other products; the MQL
programmatic interface allows users to develop their own unique application-

based functions if they desire

• Matrix supports customer choice in selecting and integrating the
applications they want to do the job and easily adapts to new tools over
time



MATRIX Modules

MATRIX

o All the power to operate and administrate the Matrix System is contained in

three integrated modules that support all three major information management
functions: information vaulting, workflow processing, and application integration

• The User Module is the primary work environment to access information and
support the workflow; through it, users can:

- browse and locate information,

• create, review, approve, and route objects,

- share application files and services, and

- view, markup, and print documents

• The Matrix Business Administrator is used to develop and control processes;
through it, administrators can:

• create organizations, roles, and groups

- define people, their roles, and assignments, and

• define object types, attributes, and associated policies

- define workflows, routing, and approval structures

• The System Administrator is used to manage the systems environment
including the computers, networks, and applications; through it, operators can:

• define servers for meta data, files, and applications,

• set-up application independent services (such as viewing and printing), and

- perform backup, recovery, and system tuning
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Organizational Features
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%MATRIX

• In Matrix, operators can model people in a business in exactly

the way they are organized - the individuals, the groups to which they

belong, and their role(s)

• Groups and roles can be defined in hierarchies and persons assigned

to them

• Each user can access the information that their assignment(s) control

• And, policy-based linkage controls access to, and notification about,

objects and events throughout the user community

• All the definitions needed are detailed graphically using the
Business Administrator module, which does not require
programming or operating system experience

• The only requirement is that the administrator developing the
schema have a working knowledge about the company's
operations

• Any change to the organizational schema (such as adding a new
user, changing roles, or re-organizations) can be done anytime
during system operation

• If you want to go further with this -> This is equivalent to

organizational concepts defined by STEP in ISO standard 10303-41



• Matrix supersedes traditional text, tabular, and even icon-based
interfaces

• The click and browse approach is far more natural and appealing
than formulating a query, and it also keeps typing to an absolute
minimum

• Because users can intuitively navigate the actual information
structure, they can quickly locate locate, identify, and access the
information they seek rather than repeating shotgun searches

• By giving visibility to the process, users can understand,
evaluate, and re-engineer their workflows

• These techniques are comprehensively applied to administration
functions to virtually eliminate programming as the primary means of

tailoring the system

• In effect - Matrix enables the work to find the user



MATRIX = Versatility
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MATRIX

• With Matrix, installation and operation goes quickly and
efficiently

• Users can implement in different departments and link them up
to behave as one

• The user is free to architect the configuration (or variety of them)
without restriction and can change or add objects, rules, and policies

as business needs dictate

• Matrix accommodates user preferences for such items like network
topology, redundancy, performance, etc.

• This structural flexibility is essential to facilitating and maintaining

communication and collaboration



MATRIX = Reduced Overhead

•^MATRIX

• Because of product complexity, other systems penalize users
dictating that they either involve the vendor or invest in in-house
programming expertise

• Matrix eliminates the overhead associated with today’s typical

data management implementation where the cost in associated
services for custom programming can match or exceed the hardware/
software purchase price

• There’s no need for the busload of specialized technical staff to

install and maintain, which is a major contributor to the total cost of

ownership of other systems

• Matrix reverses this overhead because it only requires someone who
has a working understanding of how the organization operates to

implement it

• Matrix makes it even easier (and speeds system start-up) by
providing templates that contain pre-defined schema for

organizational structure, objects, and workflow which can be applied to

any business domain (such as the Drawing Manager and others that

we are developing)



MATRIX = Freedom of Choice

Application-Friendly Compl ration
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MATRIX

• Integrating with third-party applications and legacy systems is an
increasingly large part of today’s needs

• With Matrix, information management takes a rightful place with

other system-wide facilities, interoperates easily, and in a uniform
manner; Matrix operates at the same level as other applications, and
does not “take over” the environment that can limit direct access to

applications or external files

• If needed, tools are available to achieve deep levels of integration

that don’t control the whole environment

• This allows rapid start-up, easy implementation, and quick
success



MATRIX = Customer Control

• Define Any Variety Of Business Objects

& Relationships

• Select The Applications Of Choice

• Describe The Organization & Processes

• Visualize The Information & Workflow
- In Real Time

• Changes Can Be Made During The Lifecycle

- By The.User!

MATRIX

• The new approaches and technologies in Matrix enables
customers to install, implement, adapt, and grow the system
themselves in their own terms - without dependence on vendors or

specialized (and expensive) resources

• For the first time, users have control over their information
management environment and future direction

• Matrix gives users (both operators and management) the power
to:

- consolidate, inter-relate, and manage any information,

- choose the best tools for the job,

- be able to “see” opportunities for efficiency,

- regulate approvals in human terms,

- model and change their operations, and

• grow their capabilities naturally

• Further, Matrix can dynamically adapt to environmental changes
as the awareness of data structures and process needs is discovered
after the database is first loaded



MATRIX = High Performance

Linear, Consistent

Response
Poor ance

MATRIX

• Because Matrix is fully distributable, each user utilizes the
needed processing and storage capacity resident in their own
workstation or PC

~

• Performance scales with user count without requiring exponential

increases in data and file server horsepower

• As the system expands in any or all dimensions, performance is

kept constant at the desktop, unlike other systems that hit limits in

supportable bandwidth and volume

• Ifyou want to go further with this -> ODB performance is less sensitive

to typical installation factors that affect client/server-based systems
such as the number of:

- concurrent users

- records in the database

- connections between objects

- files stored

• Relational databases are comprised of tables all of which must be fully

traversed to respond to queries; object databases traverse the
relationship “wires" that directly connect objects, resulting in huge
performance advantages



MATRIX = Cost Advantage

Attractive Pricing

No Hidden Hardware ‘Tax’
High Co nership

PURCHASE
AND

OPERATING
EXPENSE

GROWTH (Users, Objects, Relationships)

%MATRIX

• Price is only one facet of the total cost of ownership

• Matrix is inexpensive to purchase, install, and operate

• Because it is scalable, the cost to grow is scalable also and not a
function of subjective discounts based on size of purchase

• Remember, Matrix does not require hidden costs such as:

- consultants for “enterprise-wide” plans

- specialized technical staffing to customize or integrate

- system upgrades like large data or file servers to insure performance

• Because Matrix enables customers to implement and maintain the

system themselves, the costs of administration and maintenance
are significantly reduced



• As we have shown, Matrix is the only system to truly address all

three major components of information management

• Matrix enables you to expand when, where, and how you want to

in any dimension, without all of the obstacles, limitations, and expense
of older generation systems

• The significant technology and architectural advantages that

Matrix provides means that it is the only product available today that

delivers optimum balance:

- freedom to expand and modify your environment,

- coupled with excellent visibility, and

- complete control over the information and work processes



Data vs. Information Management

MATRIX

^MATRIX

BUSINESS
PRACTICE

• The differences between what was possible with older data
management, versus new information management technology,
are striking

• The distinction between data management and information

management was recently addressed in an article in CAE Magazine ,

where today’s data managers (EDMs, PDMs, and PIMs) were, to

paraphrase, “defined by their specific contribution to the product
development process”

• Information management, on the other hand, is a much more
comprehensive concept displacing “data management” as users
seek to support the complete business practice - not just a subset
of it

• The difference between data and information management is in

its scope, versatility, and support of the entire organization or any
part of it - not just radiating data from or within the design, engineering,
and manufacturing communities

• The gap between these two presents incremental opportunity for
the customer - to apply, and generate benefit from, information
management technology anywhere or everywhere he/she chooses
- in product or service parts of their business



The MATRIX Difference

• Affordable

• Easy to Start

• Compelling to Use

• Inexpensive to Maintain

• Quick to Change

• Scalable Performance

• Environment-Friendly

MATRIX

• Matrix has broken through the barriers of traditional EDM/PDM/
PIM approaches

• Matrix is changing the way people think about, interact with,

and select information management tools

• Let’s have a quick demonstration and see how Matrix opens a
whole new spectrum of possibilities for you

• We’ll show you how the Matrix User Module offers the most
intuitive, flexible, and compelling method of locating and
communicating product and business objects

• But we think that the real proof of the Matrix approach will

become evident when you see the Business Administrator and
how easy it is to set-up and dynamically change the information,

applications, and workflow environment
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Individual Responses to Triggering Question:
“What Manufacturing Engineering Data Should Be Validated?”

BLUE TEAM RESPONSES:

ShssLL
1. Dimensions

2. Finishing

3. Correct tool

4. DoD drawings need to be checked for

errors; the notes need reviewing

5. Finishing- OK
6. Correct tools - OK
7. Processes selected (machining) will

produce the desired part to the specified

tolerance.

Sheet-2

1. Environment (Fixtures, Lifting,

Conveying Means)

2. Quality Control (Inspection Criteria)

3. Dimensions - N.C. Cop
4. Finishing (Adhesives, Cleaning)

5. Sometimes the BOM calls out items that

are no longer environmentally

acceptable.

6. Fixtures (locating and clamping) will

allow ready access to all details to be

machined.

7. Fixturing does not damage critical areas

or areas already machined.

Sheet 3

1. Validate the engineering data package

created is based on the latest released

version of the design specs and design

model. (Not necessarily “latest”, but

“correct” version for spares and repairs.

There will always be revisions made to

the drawing; it will be difficult to keep it

current.)

2. Verify that all the required engineering

data package generated is complete.

This is much easier to do with a product data

model than paper.

Sh££L4
1 . That process can meet engineering

specification.

2. That operation can be performed in the time

estimated.

3. That material meets engineering

specification.

4. That process plan can satisfy the design

specs.

5. NC program is generated for the correct

machine controller.

6. That NC program is certified.

7. Critical parts are protected during handling.

8. That resources (material, tooling, machine,

fixtures, etc.) are available as specified by the

process plan.

Sheet 5
1 . For DoD systems the material is outdated

and no longer used, in some cases. It the

needs a material substitution evaluation to

modify the spare parts original requirement.

This may require further redesign to ensure

functionality of modified design.

2. Process data are frequently provided in place

of design specifications. This results in an

expensive and time consuming reverse

engineering process to determine the design

requirements that led to the processes called

out Concurrent engineering practices

should overcome this in principle, but the

links between design features and process

requirements need to be adequately

documented for archival purposes.
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Sheet 6
1. NC machine tool output data. Can this

be neutral, such as BCL?
2. Manufacturing input data (proper

revision of solid model & are there any
pending engineering changes)

3. That engineering specification is latest

revision, or “correct version” for spares

and repairs.

4. Shop floor revision and validation

5. Heat treatment processes properly

interspersed to relieve stress.

RED TEAM RESPONSES:

ShssLl
1. Sequence of operations (process plan)

2. Tooling list (adequate?)

3. NC program
4. Fixturing plan

5. Machining efficiencies increased

6. Machines are not out of line

dimensionally

7. Gauge list to validate gauge call outs

8. Use of less expensive machines?

Sheets
1. Correct raw material used

2. Correct component TDP (right dwg)
3. Correct dimensions/tolerance achieved!

4. Flagging of unusually expensive

operations along with recommended
change to less expensive one.

5. NC tape

6. Tool list

7. Correct version of process plans,

inspection plans, NC programs for

correct part design version.

Sheet 3

1. Tools in tooling lists have correct tool

ID’s and holders!

2. Part produced using simulated data

matches part specified in design!

3. Possibility of standard tool/ holders/

adapters/ fixtures to reduce cost of

custom tooling.

Sheet 4
1. Tool offset

2. NC program
3. Locator reference point

Sheet 7

1 . NC code (for gauging, unremoved material,

etc.) — Neutral format such as BCL?
2. Tolerance specs (to ensure functionality,

replaceability)

3. Surface coating/finish specs (to ensure

process satisfactorily performed)

4. Spec of process always produce parts within

tolerance

5. Thin walls?

4. Dimensions of raw material

5. Tool dimensions

6. Proper tooling

7. Cutter lists for valid tooling pm numbers
8. Process plan (routing) for valid machining

controls, work controls, and fixture part

numbers
9. Required signoffs for operation are in place.

SheetJ
1. NC Program
2. QC inspection data (for SPC, in-process

inspections, etc.)

3. Pan tolerance trends

4. Changeover to new parts

5. Availability of shop drawings

Sheet 6

1. NC Programs

2. Process plan (op sequence, intermediate

stock shapes, tool list)

3. Inspection plan

4. Gage dimensions

5. Setup optimization

6. Over specification/over-tolerancing

Sheet 7

1 . NC program for geometry, rapid moves,
interference and compliance with the

inspection plan

2. CMM program for same as #1

3. NC program dynamic cutting forces

4. Tool lists

5. Feeds, speeds, cutter material type, raw
material type

6. Track number of parts produced vs. time

tracking
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7.

Parts/individual operator assessments

Sheet 8

1. NCtape
2. Tool list

3. Op sheet

GREEN TEAM RESPONSES:

Sheeti
1. Dimensions and tolerances (part

configuration)

2. Process steps

3. Quality insurance steps

4. NC commands -- motions, speeds, feeds,

etc.

5. Welding voltages, currents, purity, wire-

feed

6. Heat treat temps, times

7. Secondary process steps and address

8. Special handling requirements (protect

finish)

Sheet 2
1. Tolerances, dimensions

2. Surface conditions (roughness, hardness,

coating)

3. Tooling data (cutter, fixture, jig)

4. Machine capability data

5. Add QA step

6. Are tools available in inventory

7. Tool offsets

8. Tolerance stackup from fixture reference

surfaces

9. Machining commands - speeds, feeds,

etc.

10. Welding parameters - amps, volts,

wirefeeds, etc.

1 1 . Heat treat parameters -- temps,

times, etc.

12. Process parameters (speed)

Sheet 3

1. Check to see that all engineering change

notices have been accounted for on the

product and process data

2. Check that every feature on part is

accounted for in process plan

3. Check for collisions between machine

and workpiece

4. Machining speeds, feeds

4. Setup/teardown instructions

5. Time to upload/download captured?

6. Sit around time evaluated/reduced?

7. Comparison with previous part/process

families (variant approach).

5. Heat treat temps, times, quenchant

6. Welding amps, volts, feeds

7. Design/product information

8. Tolerances

9. QA steps

10. Check for correct match between design

and related documentation (e.g.,

operator instructions)

11. Check for part/fixture drawing

Sh.eei-4

1 . NC program commands/speeds/feeds

2. Heat treat temperature & times

3. Welding currents, voltages, polarities, feed

rate

4. Other data (manual)

5. Process data (other)

6. Coolant on and off at current times

7. Special support requirements on heat

treatment items

8. Cooling requirements on heat treatment

9. Ensure that 1 st manufactured part is checked

for validation against plan

10. Quality requirements note

11. If alternate process are possible, validate

that “correct” on is specified (e.g., lot

size may determine alternate processes)

Sheet 5

1 . Verify machine control programs are correct

and do not crash machine
2. Verify that the required process parameters

are included for each process

3. Check to ensure that processes do not

interfere with downstream processes

4. Cross-check and validation for availability of

tooling, raw material, etc.

5. Process capability data

Sheet.6

1. The tolerances of the part should be checked

against the machine capabilities.
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2. The correct machine callouts should be
validated (machine type, speeds, tools,

etc.)

3. The correct routing of the product

should be validated

4. Correct effectivity for assemblies

5. QA Steps

6. Machining commands - speeds, feeds,

movements, etc.

7. Welding parameters - amps, volts,

wirefeed, purity

8. Heat treat specs

9. Enough tool life is planned/allocated for

cutting processes.

10. Operator certification

Sheet 7

1. Consistency and date of versions of

engineering data being worked on
2. Conformance to appropriate company

standards for product quality

3. All appropriate approvals and signoffs

obtained

4. Routing include validation inspection

5. Authorization of access to design data —
ensure permission and access controls

are appropriate

6. Traceability of materials accounted for

aerospace parts

Sheet .8

1 . Correct design revision level (all data) -
date, latest version

2. Regulatory compliance (process)

3. Environmental validation - what chemicals to

use, how to dispose of waste material

4. Total chemicals required

5. Expected waste material generated

6. Temporary storage requirements of

chemicals, e.g., paint

7. Surface conditions (hardness, roughness,

coating)

May 5, 1995
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