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The Rapid Design System (RDS) is a feature based design,

fabrication, and inspection system. Research and development of the

RDS has been sponsored by the United States Air Force. The

Fabrication Planning (FP) Module of the RDS is being developed by the

University of Dayton. The FP module automatically creates a

process plan for machining a metal part. The research addressed

herein deals with the User Interface for the review and modification

of a process plan.

The Fabrication Planning Module automatically creates a plan

using information from the Feature Based Design Environment (FBDE)

of the RDS. It integrates this information with the information

received from a program/database called MetCAPP TM . The process

plan is created in a series of steps: feature translation, feature

sequencing, setup generation, and operations generation. The

purpose of the Planning Window and User Interface is to give a

designer, machinists, or process planner the ability to automatically

generate and manipulate a complete process plan.
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By using the user Interface, the final process plan can be

modified in many different ways. The translation of a design

feature to a more appropriate MetCAPPTM manufacturing feature can

be accomplished. Manufacturing features can be moved between

setups, setups can be added or deleted, and machining operations

generated by MetCAPPTM can be changed. Finally, when an acceptable

plan has been generated, the code to run a Computer Numerically

Controlled (CNC) machine is generated.

The research here addresses the process of generating and

changing a process plan. Work was done in the area of feature

translation, the effect of changing a setup, and the effect of

changing the machining operations. At each step in the process, the

designer, process planner, or machinist is given the opportunity to

accept what has been generated or change it. By allowing changes,

the results of both future and prior steps may be affected. Code was

written that tracks these affects and regenerates the necessary

parts of the plan. This thesis documents the parts of the plan that

may be changed, the affects of making such changes, and the code to

implement the research results.
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designer, machinists, or process planner the ability to automatically

generate and manipulate a complete process plan.

By using the user Interface, the final process plan can be

modified in many different ways. The translation of a design

feature to a more appropriate MetCAPPTM manufacturing feature can

be accomplished. Manufacturing features can be moved between

setups, setups can be added or deleted, and machining operations

generated by MetCAPPTM can be changed. Finally, when an acceptable

plan has been generated, the code to run a Computer Numerically

Controlled (CNC) machine is generated.

The research here addresses the process of generating and

changing a process plan. Work was done in the area of feature

translation, the effect of changing a setup, and the effect of

changing the machining operations. At each step in the process, the

designer, process planner, or machinist is given the opportunity to

accept what has been generated or change it. By allowing changes,

the results of both future and prior steps may be affected. Code was

written that tracks these affects and regenerates the necessary

parts of the plan. This thesis documents the parts of the plan that

may be changed, the affects of making such changes, and the code to

implement the research results.
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CHAPTER I

INTRODUCTION

In traditional manufacturing planning, a machinist or process

planner first examines the part specifications or drawings of the

part. The planner then develops a plan based on past experience with

similar parts and his knowledge of the resources available. Physical

differences between parts must be considered, e.g. a similar but

slightly larger or smaller part may not fit on the same machine. The

capacity of each piece of equipment and the timing of material to

the equipment must be taken into consideration. Also, the

capabilities of new machines and equipment must be taken into

consideration to avoid duplication of effort between machines. Any

two process planners, even with similar background, may develop

different process plans. This means that even standard plans could

be inconsistent and inefficient. To combat this, companies attempt

to standardize.

Computer Aided Process Planning (CAPP) is the use of

specialized computer systems to aid in process planning. CAPP

comes in two forms, variant and generative. Variant systems utilize

previously developed process plans which are stored in the

computer. Variant systems not only store completed process plans

but also the elements which go into their development. Elements

such as machine capacities and material specifications, as well as
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design attributes are coded and stored in the system. Some codes

are developed based on the attributes stored, although various types

of coding systems are used. The codes used in variant systems

classify parts into part families. As new parts are generated a code

is created for that part. The system then looks for a previously

stored process plan with a similar code. The plan presented can then

be used as is or modified. The new plan can then be stored under a

new code.

Generative systems, on the other hand, have no previous plans

stored. They create a process plan every time a part number is

entered into the system. These systems are based mostly on logic

rules, design characteristics, formulas, and algorithms. All

elements of the manufacturing process (machine types available,

machine specification, capacity, material specification, etc.) are

programmed into the computer. Parts are coded based on the above

elements. As a process plan is needed, the computer searches all

the possible combinations based on the code entered and develops a

plan.

There are two major components to most generative systems.

The first is a geometry based coding scheme to translate part

specifications and drawings into computer understandable data.

This scheme must be done with great detail in order for the

computer to manipulate the data. The coding scheme must also

include data on the tools and machines used. This is necessary to

insure that parts are put through these machines correctly and in the

most efficient manner. The second component is the software. It
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must compare geometry and specification with the manufacturing

capabilities to develop the process plan. Frequently the software

includes the ability to print out the plans and provide the codes

needed for CNC machines.

Some of the advantages of using computers are reduced labor

cost of preparing a process plan, reduced training costs of new

planners, and mitigation of the impact of employee turnover. Plan

consistency will also improve and CAPP can be a useful tool in

improving manufacturing operations. Variant systems, while

simpler to create and easier to introduce to a facility, have

limitations. As new machines or manufacturing processes are

added, the computer database must be manually updated. An expert

process planner is also needed to help create and maintain the

system. It sometimes requires the referencing of external manuals

or charts to modify an existing plan for use.

The advantage of generative process planning is the quick

response to change. Since a new plan is generated every time, any

change to the manufacturing process plan can be included quickly.

With equipment capabilities known to the computer, duplication is

reduced. It is also fully automatic which means less human

intervention with less chance of error.

Artificial Intelligence (AI) programs or expert systems are

sometimes used to develop generative CAPP software. Al programs

analyze part geometries based on symbolic representations. They

produce a logical sequence of operations to manufacture a part.
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taking into account appropriate machine parameters. An alteration

of the knowledge base (not the core program) provides an easy way

to keep up with changes. They provide the "brains" to a generative

system.

Two basic approaches for using Al in process planning are

interactive and batch mode. An expert system that works in batch

mode processes several jobs submitted in a batch. These systems

require or allow little interaction with the process planner. Most

process planning systems today run in batch mode. The advantage of

batch mode is that it requires less time to run than to interact with

the system. The user interface for a batch system only consists of a

means to start the planning, display results, and if possible provide

an explanation2 . The disadvantage of batch mode is that the process

planner has no capability to modify the plan except by hand. In order

for the system to gain knowledge and improve its ability to create

plans, changes have to be made in the base line program.

In an interactive system the process planner consults the

system for advice (similar to advice from a human expert). The

advantage is that through this interaction both the system and the

process planner can learn to make better plans. The user interface

would consist of several menus or forms with a series of questions

or inputs for the process plan to provide. The major disadvantage is

that it leads to long planning sessions. 2

However, no system is capable of providing a "perfect" or

"optimal" process plan. Part of the problem is that what is optimal
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today may not be optimal tomorrow. The process planner needs the

capability to either change the parameters of manufacturing

knowledge in the system before the process plan is developed or

change the process plan itself. This need has been recognized since

the first CAPP systems were developed. The variant system

developed by Computer Aided Manufacturing International-Inc.

(CAM-I) was an interactive system which required no specialized

training by the operator.

A generative feature based design system known as Quick

Turnaround Cell (QTC) ran in batch mode 2 . The user interface

consisted of a design window to create the features and a process

planning window. Once activated, the process planning system

automatically generates a process plan without input from the user.

When complete, process planning documentation is displayed and the

CNC code is generated. This system generates process plans

relatively quickly but has one major disadvantage. Without user

input, any changes to the knowledge in the process planning system

has to be changed in the baseline code.

The RDS avoids this problem. It provides both the capability to

allow user input to the plan and the ability to automatically

generate a process plan through the EAM and the User Interface.

Since the EAM can learn from previous design, this flexibility gives

the RDS the advantage of being able to improve process planning

capability.
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The Rapid Design System

The Rapid Design System (RDS) is a United States Air Force in-

house research project within the Wright Laboratory at Wright-

Patterson Air Force Base, Ohio. The research objective is

development of a next generation Computer Aided

Design/Manufacturing/Inspection System for machined piece parts. 4

The RDS utilizes a memory driven, feature based design system

integrated with an intelligent fabrication and inspection system

process planning system. This integration allows the RDS to

automatically evaluate a design and generate the fabrication and

inspection plans.

The RDS consists of an Episodal Associative Memory (EAM)

module, a Feature Based Design Environment (FBDE) module, a

Fabrication Planner (FP) module, and an Inspection Planning and

Evaluation (IPEM) module.

The EAM uses neural net technology to cluster designs. Along

with the ability to store and retrieve designs based on geometric

similarity, it has the ability to "learn". As new designs are added,

the memory reclusters the designs using the information gathered

from the new designs. With these designs clustered in the memory,

the EAM can then "learn" what type of designs are good and what are

not. It can then prompt the designer, through development of new

constraints, when a part has been designed incorrectly.
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inspectionFeature Based Fabrication Planning &
Desi gn Environment Planner Evaluation Module

(FBDE) (FP) (IPEM)

Episodal Associative Memory (EAM)

Design Manufacturing Plan Inspection Plan

Manufacturing Features Inspection Features

Product & Process Specificaction

Figure 1. Overall View of the RDS

Traditional Computer Aided Design systems use lines and arcs

to describe a part. The RDS through the FBDE uses features.

Features such as holes, pockets, and edge cuts, allow the designer to

specify relationships among features. These relationships include

not only distances between features but also the fact that one

feature may be attached to another, such as a hole in the bottom of a

pocket. Features allow the FBDE to capture more information about

the part than just the dimensions. Information concerning the

process, i.e. need to manufacture and inspect the part, are also

included.

The FP module produces a manufacturing process plan for

machining prismatic parts. A plan is created using the information

from the FBDE. The plan is created in a series of steps. Each of
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these steps, feature translation, feature sequencing, setup

generation, and operations generation, can be generated

automatically and can be modified. When an acceptable plan has

been completed, the FP generates the Automatically Programmed

Tool (APT) code to run a Computer Numerical Control (CNC) machine.

The FP module of the RDS system uses a combination of

generative and variant process planning. The RDS uses variant

process planning in that it can store and retrieve previous parts and

their process plans. Parts are stored in a database and can be

retrieved by part name or by similar design. However, the RDS uses

mostly generative process planning. It has the ability to generate a

complete process plan from a FBDE design without any input from

the process planner. All elements of the manufacturing process (i.e.

available machine types, machine specification, material

specifications, feature sequencing, and feature interactions) are

programmed into the system. As a process plan is needed, the

system uses the design data from the FBDE and machining knowledge

and develops a plan. The integration of the FBDE and FP modules

allows the designer to check for producibility of a design in the

preliminary phases. This can mean less rework and fewer

engineering change orders. This also means that rapid prototyping

can be accomplished cheaply.

The RDS receives its machining information from a

system/database called MetCAPPTM. MetCAPPTM is a stand alone

CAPP program which generates machining information for a single

feature. MetCAPPTM algorithms are based on feature dimensions,
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machine selection, and material and designed to be used

interactively to create a feature by feature process plan for a part.

MetCAPPTM makes no consideration for feature sequencing, feature

interactions, or the design of the part as a whole. This means that

optimization is accomplished done by the designer, planner, or

machinist. The RDS uses MetCAPPTM to obtain the machining

operations for each feature. These operations include the tool data,

spindle speed and feed, and the estimated time to machine the part.

Once these operations are obtained, the RDS manipulates the

information to create a complete machining process plan.

Statement of the Problem

The initial planning window and user interface for the RDS had

two major limitations. The first limitation was that they

consisted of only three functions. The first function was the ability

to translate design features into manufacturing features with no

input from the user. The second function was to group the features

into setups based on approach faces only, again, with no input from

the user. The third function was to get the machining operations for

each feature by calling MetCAPPTM. The current user interface and

planning window allows the user to interact with the system at each

point of the planning process. It also will adjust the outcome to

suit current needs.

The second limitation was that planning was very inflexible.

The RDS will simply back up to the beginning of the plan after doing

a change. If data is changed near the end of the planning process
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that effects another part of the process above it, the whole plan had

to be regenerated (reference Figure 2). It is interesting to note that

in recalculating the plan, the change could be erased.

In order to create a workable user interface, two conditions

had to be met. First, a planning process had to be developed that

was smart enough to allow changes at any step in the process

without having to regenerate the plan. Second, this planning process

had to automatically regenerate any needed parts of the plan without

destroying any changes previously made. These changes could then

be stored as part of the design.

Work on the User Interface was divided into two areas. The

first was the planning window. This is the visual representation of

the manufacturing and design information needed to create a process

plan. The second is the user interface itself. The user interface is

the functionality behind the planning window. It consists of the

algorithms and code used to produce the process plan.
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Fabrication Operation DATA
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Tools Operations minimize tool change.
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P

Figure 2. Fabrication Planning Flow



CHAPTER II

PLANNING WINDOW

In developing the planning window, data was collected on the

type of information the user needed to interact and develop a

complete machining process plan. This information consists of

several items. First, information is needed about the part itself.

This type of information includes dimensions, part number, material,

number and design-with features, and feature sequencing. Second,

information is needed about the way in which the part will be

manufactured. This information consists of setup fixturing, setup

sequencing, and the features to be cut in each setup. Using these

two types of information, the machines and processes available to

manufacture the part can be determined. This information includes

machine availability, operator availability, tool availability, and

machining operation details. Machining operation details are

operation descriptions (rough cut, drill, etc.), spindle speed, spindle

feed, tool identification, operation order, cutting time, and APT/NC

code generation.

Once the data is collected, it is grouped by functionality. The

main groups of functionality are part identification information

(Part Number, Revision No., etc.), feature translation (design to

manufacturing), setup data (machine, quantity, etc.), fixturing,

machining operations, tool data, and APT/NC code. Once the data is

12
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grouped, windows, panes, and icons were developed to display the

information. The code for these windows, panes and icons are in

Appendix B. Development of the functions and methods for actually

creating and editing the plan is part of the user interface. This was

developed in conjunction with the planning window.

The Manufacturing Window

The planning window is actually two separate windows. The

first window is the manufacturing window (Figure 3). In this

window a user, e.g. process planner, has several choices. The user

can input the part identification information or generate a

completed process plan without any input. The data needed here is

received from the FBDE of the RDS and from MetCAPPTM. This data

includes the identification information, the "design-to-

manufacturing" feature translation, setup information, and the

fixturing information. Machining operations and tool data are

received from MetCAPPTM. The user can also generate APT/NC code,

modify the "design-to-manufacturing" feature translation, switch to

the setups window (discussed below), or store the complete design

and manufacturing plan.

As an aid to the user, the ability to draw the wire frame

representation, draw the solid representation, and change the

graphical view of the design are included. The manufacturing window

also includes an area which gives the user a means to view and edit

various aspects of the manufacturing features or the machining plan
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itself. The ability to generate a completed process plan without

guidance from an expert is important. It allows the designer or

process planner to check for the manufacturability of the design. If

there are problems in the design which prevent the part from being

manufactured, the completed plan will show these problems.

Setup Window

The second window is the setup window (Figure 4). It is

actually a subpart of the manufacturing window. This window is

accessed by clicking on the modify setup icon in the manufacturing

window. In this window, the user has nine options. He can add

features to a setup, delete features from a setup, add a new setup,

delete a setup, generate the manufacturing operations from

MetCAPPTM, move back to the manufacturing window, view a list of

the current setups and the features in each setup, view the surface

areas available for the different types of fixturing, or change the

part quantity or machine for a specified setup. These abilities allow

the user to modify the setups and the individual machining

operations to create an optimal process plan.
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CHAPTER III

THE USER INTERFACE

In developing the user interface, a new flow chart was

developed (Figure 5) to highlight that each step of a process plan can

be changed and dependant steps are recalculated in any order. The

only limitations are the translation of design features into

manufacturing features and the generation of APT/NC code. Since

feature translation is the basis of the manufacturing planning, it

will effect all other steps in the process. Therefore, translation

must always be done first. Any changes to the feature translation

will cause the rest of the plan to be regenerated. The APT/NC code

is the final process to be completed. It depends on all of the

previous planning steps. Any change to the previous steps creates a

situation where new APT/NC code must be generated.

Feature Translation

In order to create a complete manufacturing process plan, one

must first translate the design features into manufacturing

features. Design features are used to represent the part graphically.

A manufacturing feature contains manufacturing information about a

part. The manufacturing information includes part dimensions as

well as the machining operations needed to manufacture the part.

These manufacturing features are the basis for the rest of the

machining planning.

17
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The RDS has separate design and manufacturing features. The

manufacturing features in the RDS are the same features used by

MetCAPPTM (Figure 6).

Single Diameter Hole
Block Cylinder (Blind and Through)

Through Slot Enclosed Pocket Open Pocket

Chamfer EdgeShoulder tp Milled Tapered FormS ~ Step Ider a

Flat Rect Surface: Tapped Hole; Counterbore
Cutter Axis Parallel. Through. Blind
Cutter Axis Perpendicular

Figure 6. Manufacturing Features

MetCAPPTM is used to obtain machining information for a

specific -eature. This information includes the machining operation,

the tool, the spindle speed and feed, the number of passes the tool

will make for each operation, and the time required to cut each
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operation. This feature translation is done automatically when

entering the manufacturing top level window. However, some of the

design features do not have a one to one correlation with the

MetCAPPTM features. Specifically, there are six untranslated

features. These are a hole (either blind or through) with a diameter

greater than 2 inches, a triangular pocket, a right triangular pocket,

a biased pocket, and a quadrilateral. To use these features, they

must be translated as a current MetCAPPTM feature. However, each

of these features may be machined.

Each of these features will need to be milled. In order to

determine which type of MetCAPPTM features is appropriate for each

design feature, a number of tests were run. First, a pocket with the

following dimensions was chosen.

Length: 4" Width: 4" Depth: 4"
Corner Radius: 0.1" Fillet Radius: 0.0313"
Angle between floor and wall: 900
Maximum allowable cutter diameter: 2"

Then, MetCAppTM was run using these dimensions for a pocket, an

open step, a step to a shoulder, a through slot, an open pocket, a flat

rectangular surface cutter axis parallel, and a flat rectangular

surface cutter axis perpendicular. The operations returned for these

features are similar but not identical. The results are in Table 1 and

Tables 2 - 7 Appendix A.
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Table 1. MetCAPPTM Results for Pocket

Operation Tool No Cut Total Speed Feed Esi
aIsse Depth Depth RPM* IPM** Time

Center DLS- 1 0.097 0.097 5348 37.433 0.003
Drill 001
Drill Non 1 3.9419 3.9419 6909 35.927 0.190

Insert
Drill

Plunge MLS- 1 4.0 4.0 891 3.742 0.988
End Mill 0288
Slot-end- MLS- 2 1.2733 3.82 290 7.98 0.408

mill 0288
Rough- MLS- 4 1.91 3.82 1141.0 16.77 0392

end-mill- 0272
floor-wall

Semi-fin- MLS- 2 1.985 3.97 1454.0 28.79 0.431)
cnd-mill- 0265

Fin-end- MLS- 5 0.03 0.03 1273.0 26.73 0.275
mill-floor 0217
Fin-end- Milling 1 4.0 4.0 19100 30.94 0.293
mill-wall Cutter

* IPM = Inches per minute ** RPM = Revolutions per minute

These particular MetCAPPTM features were chosen for trial

runs for specific reasons. The first five features were chosen

because they are all types of pockets. The difference is the location

of the features. The other two features, a flat rectangular surface

cutter axis parallel and a flat rectangular surface cutter axis

perpendicular, were chosen because they are the basis for all other

MetCAPPTM features. Each of these features requires similar input

values and return similar operations. The differences arise mainly

from the location of the feature.

The first MetCAPPTM test was for a hole (either blind or

through) with a diameter of 4 inches. This type of hole can not be
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translated as a hole because it will be milled not drilled. The hole

was modeled as each of the previous mentioned MetCAPPTM features

except for a corner radius of 2.0". Results are shown in Table 9

Appendix A. From these results, one can see that a hole can be

translated into any of these features and machining operations can

be obtained for each. In the case of a blind hole, the machining

operations may be used as is. In the case of a through hole, the

operations obtained for roughing and finishing the floor of the hole

would have to be deleted.

The next MetCAPPTM test was run for a biased pocket. This

pocket was modeled as each of the previous mentioned MetCAPPTM

features except for an angle between floor and wall of 1000. The

results for a pocket are shown in Table 8 in Appendix A. These

results show that a biased pocket can be translated into any of these

features and machining operations obtained for each.

MetCAPPTM was then run for a triangular pocket, a right

triangular pocket, and a quadrilateral pocket (a pocket with four

unequal sides and angle between the floor and the wall not equal to

900). Each of these odd shaped pockets can be modeled as the

previously mentioned MetCAPPTM features with certain

considerations. A triangular pocket has a smaller inside area than a

rectangular pocket with the same height, depth, and width. When

using the MetCAPPTM features to represent triangular pockets, care

must be taken to use the maximum cutter diameter option. This will

retUrn tools with diameters less than or equal to the specified

diameter. This option should also be used with quadrilaterals. If
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the angle between the sides of the pocket are not 900, then a tool

that would fit in a 900 pocket may not fit in a quadrilateral.

The selection of which manufacturing feature to translate the

design feature to is defaulted or made by the user during review and

edit of the plan. Modification of feature translation is provided in

order to give the user maximum flexibility.

Developing Algorithms for Modifying the Process Plan

In creating a process plan the steps in Figure 5 are used. In

the RDS system each of these steps are done in any order. However,

the modification of any step has a distinct effect on the other steps.

None of these steps effect the operations received from MetCAPP TM

for each individual feature. The original machining operations

received from MetCAPPTM are preserved. In this way the process

planner will always have a record of them. The effect of changing

each of the planning steps must be looked at separately.

After the translations are complete, setups are generated. The

generation of setups includes four areas. These are placing features

in a setup, assigning a machine to the setup, assigning the quantity

of parts to be done in each setup, and choosing the fixturing for the

setup. As each of these areas are modified, the results of the
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Figure 7. Setups Flow
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process plan are changed. Figure 7 shows the overall flow of the

process.

The RDS automatically sequences the features within a setup.

This sequencing is based on feature interactions and available

surface area. The changing of this sequencing can effect the

fixturing, operations, and the final APT/NC code generated. If a

feature is moved from setup A to setup B, the surface area available

is increased in setup A and decreased in setup B. This may change

the type of fixturing used for each setup. If the surface area is too

small, setup B may now be unstable. If the feature interacts with

another feature, moving it to another setup could make the part

unmachineable. A hole in the bottom of a pocket may need to be

drilled after the pocket has been milled out. If these two features

are in setup A and setup B respectively, setup A would have to be

machined before setup B. The operations generated for the setup

will also change. The operations for the feature will be deleted

from setup A and integrated into the operations for setup B.

The quantity of parts machined in a setup is an important

factor in choosing the machine for a setup. If the user changes the

quantity of parts done in one setup, then the machines capable of

handling that setup are recalculated. This recalculation includes

changing the machine sent to MetCAPPTM for each feature. The user

can also change the machine used for a particular setup. To do so,

the user is given two lists of machines. The first is a list of

machines capable of handling the setup for a given quantity of parts.

The second is a list of machines capable of handling the setup based
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solely on the size of the part. This allows maximum flexibility for

the user. The results of this change will effect the tool selection,

fixturing type, or APT/NC code for that particular setup.

Fixturing information is generated for top clamping, side

clamping, and alternative vice fixturing. The surfaces available for

each type of fixturing is displayed graphically. When choosing the

fixturing for each setup, consideration should be made for stability

of the part. Once fixturing is decided, the profile of the setup is

complete.

Once the setups are established, the machining operations are

generated. The machining operations for each feature in a setup are

based on MetCAPPTM recommendations. The effect of modifying

these operations must now be considered (Figure 8). The user can

now modify the machining operations by deleting selected ones,

reordering them, modifying the tools, speeds, or feeds. If an

operation is deleted, then the final dimensions and "look" of the

feature could be affected. The APT/NC code generated depends on

the machining operations. If a plunging or roughing operation is

deleted and the plan generates the APT/NC code, tools could be

broken or injures could occur. Therefore, the only operations that

can be deleted are semi-finish and finish operations. These

operations only effect the final tolerance and finish of the features.
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Figure 8. Modifying the Operations

Initial ordering of machining operations is accomplished

automatically by the RDS. When reordering the operations, some

safety considerations must be made. Roughing operations for a

particular feature must always come before finishing operations.

However, the finishing operation for one feature may or may not

come before the roughing operation of another feature. Care must be

taken when editing the order. If roughing and finishing operations
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are ordered incorrectly, tools could be broken and injuries could

occur.

When modifying the speeds or feeds for an operation one

important consideration should be noted. The interface to

MetCAPPTM consists only of extracting the operations and tool data.

This means that changing the speed will not automatically

recalculate the feed or vice versa its done in MetCAPPTM. Speed and

feed modifications must therefore be done with care.

A tool may be changed for a particular operation. This could be

done to minimize the number of tools used or because of tool

availability. If the tool is modified, the information for the new

tool is generated and replaces the information for the old tool.

By allowing the user to interact and modify the process plan as

needed, the system becomes more user friendly. Each step in the

process plan has distinct affects on the other steps. These must be

considered carefully when developing an optimum process plan.



CHAPTER IV

USING THE USER INTERFACE

The code developed here is written in LISP and involved the use

of the Concept ModellerTM (CM). The Concept ModellerTM is a

parametric design system developed by Wisdom Systems. It is a

Lisp based system which provides a tool kit of object oriented

functions. It provides functions for defining features, methods, and

user interface functions. A complete listing of the code can be

found in Appendix B. Partial listings of the code will be illustrated

as needed.

The Layouts. Forms. and Icons

for the Planning Window

The planning window consists of two layouts, the

manufacturing top level layout and the setups modification layout.

Each of these layouts is a Concept ModellerTM layout which consists

of several panes (Figure 9).

(,::,A, ::";AY- - :A I,AV .2 . 8433 3. 1 :. . . ' i
M ::;'i 'A ? .3?0Ac:-;AN-: .A'v; A 3.4 848I.6B39, 'E C. .. . z!: - '

N :.,;,' tR , NC-'NSPEC,-PAN<:-?LAVOR 0.0 ^.38433 B4 93 9 ::,

:- ......... A N ORM-F A! AVOR . 0 . 3 .41884-9 675392 .

Figure 9. Sample Code for a Layout
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A pane is a designated area of the layout. There are different types

of panes available for use. The types used here are the graphics

pane, message pane, tree pane, inspection pane, and the form pane.

The first four panes are Concept ModellerTM defined panes and

require no further definition than to name them.

The form pane requires a specified form. The purpose of of

which is to display the icons. There are many different types of

icons available in the Concept ModellerTM The ones used in here are

property icons, multiple choice icons, editor icons, and command

icons. A property icon is used to display and modify the property of

a specified object or feature. A multiple choice icon is a group of

icons where one of the icons can be chosen for use. An editor icon

displays a string of data for display or editing. A command icon is

used to fire a predefined function.

The manufacturing top level layout consists of all five of the

above panes. The form used for its form pane has eleven command

icons. These icons are labeled Completed Plan, Modify D2, Modify

Setups, APT Generation, Header Info, Draw Part, Rotate, Pan, Pick

View, Store Plan, Hide GD&T (Geometric Dimensioning and

Tolerancing), and Done. The functionality behind the first five will

be discussed under the user interface section. Draw Part allows the

user to draw the wire frame, wire frame with hidden lines removed,

or the solid part. Rotate, Pan, Pick View, and Hide GD&T effect the

orientation of the part on the screen.
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The setups modification layout consists of a graphics, tree,

message, and form pane. The form attached to the form pane has the

same function as for the manufacturing top level form but, consists

of eleven command icons. These icons are Current Setups, Fixturing,

Quantity/Machine, Add Feature, Delete Feature, Add Setup, Delete

Setup, Operations, View Tooling, Draw Part, and Done. The Current

Setups icon displays the number of setups and the features in each

setup. The View Fixturing icon provides a list of fixturing types and

graphically displays the surface area available for each type of

fixturing per setup.

Modifying the Process Plan

The user interface allows the user to create a complete

process plan with or without any input. In order to do this several

options are available. To create a process plan automatically, i.e.

without any human input, the user selects the Completed Plan icon in

the Manufacturing Top Level layout. This icon uses several functions

which call MetCAPPTM by setup, sequences the MetCAPPTM

operations, and displays the complete plan by setup.

In order to call MetCAPPTM, each feature must be associated to

a machine. Machine selection is based on the size of the starting

block. Once the machine is chosen, the dimensions and material are

obtained from the manufacturing feature. Using this information,

the operations, speeds, feeds, tool, and estimated cutting time are

generated from MetCAPPTM. These operations are then sequenced by
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setup. Once this is complete the final plan is displayed. The plan

can then be saved to a file for printing, along with the tool data.

In general, modifications to the plan are needed for

optimization. This can be done either before generating the

completed plan or after. One of the first modifications that is

needed is to enter the header information. This is done by selecting

the Header Info icon (Figure 10). The header information is needed

to identify the plan for storage and retrieval. It consists of the part

number, the job control number, the JOCAS number, the name of the

planner, the name of the lead technician who will be making the

part, the priority of the part run, the scheduler, the issue date of the

process plan, the due date, and the customer. The engineer's and

planner's name are taken from the login name since they are the

users of the system. Each piece of information is a property of the

plan. They are entered and edited by property icons.

If the user wishes to change the "design-to-manufacturing"

translation, the icon Modify D2 is provided. (Figure 11) It displays

the list of design features and their corresponding manufacturing

features. If there is no direct translation for a.design feature then

NIL is displayed. To change the translation, the user selects the

feature pair. The system then provides a list of manufacturing

features that the chosen design feature can be translated into. Once

a manufacturing feature is selected, the user is returned to the

"design-to-manufacturing" feature list display.
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After completing the desired changes, the user is given the

choice of Done or Cancel. If the user chooses Cancel, the "design-to-

manufacturing" feature translation remains unchanged. If the user

selects Done, the translation is changed according to the users

inputs. The functions used here are written for each design feature

type. For each feature type, the function deletes the current

manufacturing feature, if it exists. It then translates the design

feature to the user specified manufacturing feature. When

translating very different types of features, such as a hole into a

pocket, special mapping of some the dimensions to accommodate the

translation. In the instance of a hole to a pocket, the diameter of

the hole is mapped to the length and width of the pocket. The radius

of the hole is then mapped to the corner radius of the pocket. These

dimension changes are done automatically according to the type of

feature being translated.

Both of the previously mentioned edits are top level changes.

What if the user wishes to change part of the process plan itself?

This is done in the Setups Modification layout. To enter that layout,

the user selects the Modify Setups icon. In this layout, the user has

several options. In order to view the list of setups and the features

in each setup, he can select the Current Setups icon. This icon calls

a function, view-setups, which finds the features for each setup and

displays them (Figure 12).
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Figure 12. Sample Code for Viewing the Current Setup

If the user does not like the setups, he can change them. To

add a feature to a setup, the user selects the Add Feature icon. The

RDS then displays the current features not in the setup. The user

chooses the feature to add to the setup. If the feature chosen is

correct, the system proceeds to create a new setup with the

requested features. The previous setups are not destroyed. This

allows the user to compare setups to choose the optimum one for his

needs.

If a feature is to be deleted from a setup, the Delete Feature

icon is selected. The system displays the current features in the

setup and the user chooses one to delete. The system then creates a

new setup with the revised list of features. Again, the previous

setup is not destroyed.

Add Feature and Delete Feature only change the composition of

a setup one feature at a time. If the user wishes to move several

features between setups, a new setup can be created. This is done
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by selecting the Add Setup icon. The system then asks for the

number of features to be included in the setup. Once that number is

chosen, the system cycles through the list of available

manufacturing features, allowing the user to select one feature at a

time. If the final list of chosen features are correct, the system

creates a new setup with the selected features, leaving the current

setups intact. This allows the user to do "what if" scenarios. When

creating the new setup, the system checks to make sure that there

is adequate surface area to fixture the setup. If there is not, then

the features are divided into the least number of setups that are

needed to adequately fixture the part.

Once the setups are created, the machine associated with that

setup can be changed. The machine is chosen based on two criteria,

part size and setup quantity. The setup quantity is the quantity of

parts to be run in one setup. In order to change either the setup

quantity or the machine, the user selects the Quantity/Machine icon.

This icon generates a form with two property icons, quantity and

machine. The user can select either one to modify. If the user

chooses to modify the quantity, that modification could change the

machine selection. Two different tables are used for machine

selection. One is based on a quantity greater than or equal to seven.

As the quantity changes, the machine selection also changes.

The user may choose to change the machine manually. In this

case the user is given the choice of two machine lists. The first is a

list of machines capable of machining the part based on the quantity

of parts in a setup. This list is ordered by preference of the current
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user of the system, 4950th Test Wing, a unit of the Air Force which

does manufacturing for aircraft modifications. The second is a list

of machines capable of machining the part based on size of the part

only. These two lists are used to allow the user the flexibility to

choose the machine that best fits the current situation. Once the

machine is chosen, the machine property is changed for that

particular setup as well as for each feature in a setup.

With the setups created, the surface area available for

fixturing can be displayed. Fixturing area is done for vice fixturing,

top clamping, and side clamping devices. In order to view the

surface area, the user chooses the View Fixturing icon. The system

then displays a list of fixturing options to be viewed. These include

side clamping, top clamping, and two alternatives for vice clamping

with parallel or base face. The parallel face is the area that the

vice clamp touches. The base face is the face that the part sits on

in that setup when fixtured using vice clamps. Once the fixturing

option is chosen, the surface area is displayed in different colors in

the graphics pane.

Once a particular setup is chosen, the operations to machine

the setup can be generated. This is done by choosing the Operations

icon. The Operations icon calls a function which requests the

operations for all the features in that setup. A call to MetCAPPTM is

made for each feature. The resulting operations are then sequenced
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and displayed on screen (Figure 13). Once these operations are

displayed, the user has six options displayed in a multiple choice

icon. Only one option can be chosen at a time. This is to reduce

confusion when modifying the operations. The user can delete an

operation, reorder the operations, modify a tool, modify a speed,

modify a feed value, or continue. If the user chooses to continue, he

in effect accepts the plan without modification. In order to delete

an operation, the user selects the delete operation option. Then the

Done icon is selected. The system then displays a list of numbers

corresponding to the number of operations. The planner chooses a

number and the corresponding operation is displayed. If that is the

operation to be deleted, the system deletes it. If not, the system

returns to the operations form.

When reordering the operations, the user is again given a list

of numbers corresponding to the number of operations. However,

this list is in a more editable form. It enables the user to reorder

the numbers as desired. Once the reordering is completed, the new

order of operations is displayed. If this is acceptable, the

operations are changed within the setup itself. This reordering does

not effect the MetCAPPTM order of operations within a feature. The

original operations order is preserved and can be regenerated if

needed in the future.

In order to modify a tool, the operation that contains that tool

must first be selected. The RDS displays a list of numbers identical

to the ones used in deleting an operation. However, this time the

tool in a selected operation is then displayed. The user can then edit
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the tool as desired. There is one problem with editing the tool. If

you change tools and select a tool that is not in the MetCAPPTM tool

database, you will get no information back about it. This could be a

problem when trying to identify or obtain the correct tool for an

operation from a tool crib. Once the tool is edited, it is changed in

the setup operation property and in the property of each feature.

Editing the speed and feed values of individual machining

operations is similar to editing the tools. The difference is that the

values of speed and feed are changed in the feature properties only;

because in the setup the property contains only the list of features,

operations, and tools. Once all modifications to the operations have

been done, the planner can choose Continue to leave the operations

form.

The tooling information is provided for two reasons. The first

reason is to give the user the needed information to select the

correct tool for each operation. The second is to give the machinist

the needed information to retrieve the tool from the tool crib. The

tooling information generated can be displayed on the screen and is

saved to a file for printing when the plan is complete. In order to

display the tooling information, the Tool Data icon is chosen. This

icon calls a function to check what type of tool is used and then

displays the information based on that type. The information is

obtained by a call to MetCAPPTM. There are 22 different types of

tools available in the MetCAPPTM tooling database. This calls for 22

different formats for displaying the information (Figure 14).
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Here is your tool data 7 'I..

(Tool ID: DLS-009...
Drawing Number. l.-1~
Cutter Body Diameter
Diamieter Designationi . n 5
Effective Axial Cutting E.nt 0 5 k ....

Minor/Piot Diaiiieter. .0.0

Minor/iot Dia Desi atlo
Effective Length: 0O.0,..Q~
Overall Length,- 150.0:

Coolant Feeding:~ ~ t
flurber of Flutes.:
Margin Veldth: 03' -,.

Cr

Point Grind Included A~ngle. 9.0 ,--.--.
Web ThIckness* V0 .

Hand of Qit: .~.

Helix A~ngle: 30.~ X: -v
Shank Type: SS83 .~. .

Shank Diameter: ~ 25. ~ ~ .\

Tool Material., ~
Tool Material CQass, ~- ~- ~ ~ .

Tool M~aterial Grade:.
STool M~aterial Consncto I ... .. . . .

truct. on:!'

- , ----------

~*~*~*A

A' C

Figure 15. Tooling Information Screen
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Once all the modifications to the setups have been done, the

user can exit the Setup Modification window and return to the

Manufacturing Top Level window, by selecting the Done icon. But

before the user can exit, a check is made to ensure that each feature

is used in one and only one setup. If a feature is used in multiple

setups or not used at all a warning message is displayed and the

user is left in the Setup Modification window. Extra setups can be

deleted by choosing the Delete Setup icon. The user simply chooses

the setup and it is deleted. By providing this check the user is

forced to ensure that no feature is duplicated or left out.

When the final process plan is completed, the user has several

options. First, the user can review the plan on the screen, (Figure

16) again using the Competed Plan icon. Second, the user can print

out the plan. In order to print out the plan, the user must have

chosen the Completed Plan icon and stored the plan to file. The

planner can then simply print that file (Figure 17). Third, the user

can generate the APT/NC code for an individual setup or the

complete plan. To generate the APT/NC code, the planner must

choose the APT generation icon. The system then generates the

APT/NC code and saves it to a file. Lastly, the user can store the

design and the process plan in a database for future use.

This last option is important. The Episodal Associative

Memory portion of the RDS allows the user to bring up designs
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Completed Plan
IL Setup Naze: SEWP-2(P)

Op No Feature Operation i. ik-'fibi ID Passes D ep th Total Deith s t reed Tixe
1 1)2-TS-1 (1) SLOT-END-11ILL -MLS-ID172 1 0 coo U. -.1w o 11,07 1 9430

D2-TS-1(1) ROUGH-m-MILL-MOO :A 11 MLS-0170 0 973 0.91 80 10 21 9,2809
J I D2-TS-1(')) SEfI-M;-MM:KtI;;4Wfk MS-0444 5 0 Do 0. OCR .00 28A1 3 7650

4 02-TS-10) SM-FIN-EHO MILLM-waa 2 D.000 . 00'LL. 26,61 1'S780IINISH -FLOCIV 4 0200D2-TS-1(?) I -END-MILL X, r 5 0.030 26.73
D2-TS-I( ) FINI H-END-MILL-WALL, lti c .-2 1.000 '00 6 46 41 0 9CAD

Setup Home SETIT-1 (7)
Op fea ture Operation Tool M Paj sea Depth To D sp d Feed Time

MO D2-PhT-I(?) CUMR-DRILL I OLDOO a 0 S" 37.43 0 0020
2 D2-PKT-1(7) DRILL IL a 0 000 0 33. 98 - 0.0260
3 D2-PKT-1(?) PLUNGE-EM-MILL 0779 0.000 0. 3.74 0,2670
4 SLOT-END-XILL 79 1 0 00 01 , 0.3740
5 -PKT-1 ROUGHANO"nILL-rLOOR- 77 1 0.970, 10. 27' 1 7120

-PKT-I(?) -FIX-END-MILL-F40U19 M 21 11 0 00 23.53 2,3980
I 112:;g SEXI-FIN WAU6 -7k r'^sim 77S i O coo Xv 0 92.81 0.7350
8 0 KT:11(?) FINISH- Olt Hill1woutter, 13 0.03 A9. 10. 7.3.7700
9 02-PKT-1(7) FIVISH-E X1 cutter ;1 1.00 S8.06 0 3490

10 D2-BH-I(?) PLUNdE-M- HL ".I a. 000 O'D 12.29 A.biio11 D2 KL 1 0.000 0 16.60 0 1590-BH-1(7) SL - -XI"
1! 0,970 00 IS 40 0 752012 D2-BH J(?) RO OR lax 0 ML 1.00 23.96 O.S50013 W-BR-1(?) - 9. 348 5 - 0. 00w, - 0,000

14 D2-Btr.;l S -?IN 9-2 03 12 09-34.21 0 4020
15 D2-B2-1(?) LO tai 0.031, .01 71;00,' , 22, 91 0.6400I 1 1, 1 1 "1 a : da ';16 D2-Rff- I (?) 111 in. 30. 94 O 5170

Figure 16. Complete Process Plan
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I --N N--L 1,S M AtCTtP lRIN" OR-- Page ot I

I NDS Planwer: NIL ProqrouneI: WHO-FNOWS Lead Tech: NIL
I ------------------- ---------- ----------------------------------------------------------------------------------------

I Project N.ame/Drawing tluIber: PAIRT-;,) Material : T-7075 Sequence No:
I ---- --------------------------- -------------------------------------- -------------------------------------------- ---
IMachine/ 1Description of W,)rk I Tool ID lNo. ofiDepth JTotal I Speed Feed I Est I Act I
loper No/Date I I IPasseslof CutlDepth I RPM I IPM I Time I Time I

IPRATT-WHITNEY ISLOT-END-MILL IMLS-0172 I 1 1 0.0001 0.000i1006.00I11.071 1.94301
1 1 /21 Nov 1991tD2-TS-1I(?) I I I I I I I I I

------------------------------------------------------------------------------------------------------------------------ I
IPRATT-W!I:TNEY IlOtW;i-ENL-MILL-FOOR-WALL IMLS-01-0 I 1 I 0.9701 0.9

7
011222.00110.2

7
1 8.28001

2 /27 Nov t9911'2-TS-LI(?) I I I I II
----------------------------------------------------------------------------------------------------------------------- I

IPRATT-WNIT.EY ISEMI-FIN-END-MILL-FLQOR IMLS-0444 I 5 I 0.0001 0.00011141.00128.411 3.78501 I
1 3 /27 Nov 19911D2-TS-I(?) I I I I I I I
I-----------------------------------------------------------------------------------------------------------------------------I
IPRATT-WHITNEY SEMI-FIN-END-MILL-WALL IMLS-0168 I 2 I 0.0001 0.00012112.00126.611 1.57801
I 4 /27 Nov 19,ljr2-TS-I(?) I I I I I I I I I
I------------------------------------------------------------------------------------------------------------------------------ I
PRATT-WHITNEY IFINISH-END-MILL-FLOOR IMilling Cutter I 5 I 0.0301 0.15011273.00126.731 4.02001
1 5 /27 Nov 1991ID2-TS-I(?) I I I I I I I I I

------------------------------------------------------------------------------------------------------------------------ I
PRATT-WHITHEY IFINISII-END-MILL-WIALL ]Milling Cutter 1 2 1 1.0001 2.00012865.00146.411 0.90401 I
1 6 /27 Nov 19911D2-TS-I(?) I I I I I I I I I

I------------------------------------------------------------------------------------------------------------------------------ I
IPRATT-WHITNEY ICENTER-[RILL IDLS-001 I 1 I 0.00 1 0.00015347.61137.431 0.00201
1 1 /27 Nov 1991ID2-PKT-I(?) I I I I I I I I I
I-----------------------------------------------------------------------------------------------------------------------I
PRATT-WHITNEY IDRILL IDLS-048 I 1 I 0.0001 0.00018942.49133.981 0.02801
1 2 /27 Nov 1991ID2-PKT-I(?) I I I I I I I I I

------------------------------------------------------------------------------------------------------------------------ I
IF'ATT-Wi4ITNEY IPLtINGE-END-MILL NmLS-0779 I I i 0.041 0.0001 891.001 3.741 0.26701 I
1 3 /27 Nov 1 39i 1172-PKT-I (?) I I I I I I I I I
I----------------------------------------------------------------------------------------------------------------------------- I
PIRATT-WIIITNEY SLOT-EIII'-M,.1L 'MLS-0779 I 1 I 0.,,0o 0.000006.00I11.07I 0.3740I

1 4 /21 Nov 1991 D2-PKT-1 (?) I I I I I I I
------------------------------------------------------------------------------------------------------------------------ I

lI PATT-WHI TNE IRCKU,,I-END-MILL-FLOOR-iALL IMLS-0777 I I i 0.93(; 0.970t1222.00110.27I 1.7120
1 5 ./27 Nov 19911D2-PKT-lI(?) I I I I I I I I I
I--------------------------------------------- --------------------------------------------------------------------------------- I
I Frl-EN: lEO S13.M1-F] N-END-MI LL-FLOOR JMLS-tbb2 I 11 1 0.00 j 0.00013361.00123.531 2.39801
F 6 /271 Nov 1991 1D - :T-l 1 ) I I I I I I I I I

JRA7T-'I'H IT :Y !SEM. -FN-E!!I'-M:IL-WAL. M1S-0Ii I I, l- W.A1. J.O000:.'. .OIP22. 1 1 0.1;50; I

--------------- -------------------------------------------------------------------------------------------------------------- I

iR//,T-NITIFY N INI." ]E:1- l.1- Miiv.1 l e i ' I C, (130 0.32Q014''.O;1c.§ 3. ;'Ju I

----------------------------------------------------------------------------------------------------------------------- I
I'. A'!" -WH I!'N i Y II ;NIJ-I-ENI-:-iLL- ALI, I1M;1 ii CurL r I I I 1.')0, i 1(U 1521 9.00I'8.6I . 34901

q /27 Nov 1991 (?)-'KT-IIl i I I I I I I I I
----------------------------------------------------------------------------------------------------------------------- I

1P{AIT-WIITNEY PILIri, E--'ID-MILL 1-03'r6 I I I 0.OIS; 0.000; 915.00112.291 0.U810! I
1 10 /o7 Nov 1091 D)2-BH- (-') I I I I I I I I I

I---------------------------------------------------------- ------------------------------------------------------------ I
PRATFT-WHITNEY I7l3'7-Et;D-,I1LL iMLS-0396 I I I 0./tO; 0.00011006.00I16.601 0.15901 I

I It /27 Nov 99 !D7-I;-1 ?3 I I I I I I I
I------------------------------------------------------------------------------------------------------------------------------ I
IP KA!T-Wh :r.Y I-.; i I -EN-l,-1:LL-FJOR -'.,LL I.MLS-0394 I 1 1 0.9701 0.97A;22.00115.431 0.15201 1
I 12 /27 Nov 1991 1D2- Bi-i 1 I I I I I I I I
I------------------------------------------------------------------------------------------------------------------------------ I
IPRATT-WH:'I'NEY ISEM[-FIII-END-MILL-FLOOR IMLS-0348 I 5 1 0.0001 0.00011141.00123.961 0.55001 I
1 13 /27 Nov 1991ID2-Bil-l(?) I I I I I I I I I

I------------------------------------------------------------------------------------------------------------------------------ I
PPATT-WiTINEY ISEMI-FlN-EN)-MILL-WA',L IMLS-0392 1 I 0.0001 0.00J12112.00134.211 0.40201 1
I 14 /27 Nov 1991 1D,-HH-I (?) I I I I I I I I I
I------------------------------------------------------------------------------------------------------------------------------ I
IPRATT-WHIITNEY V'N II-E'rL-MILL-FLOOR IMilling Cutter I 5 I 0.0301 0.150i1273.00122.911 0.64001 I
I 15 /27 Nov 199l!.)2-BH-I(?) I I I I I I I I
I----------------------------------------------------------------------------------------------------------------------------- I
'PKATT-WHITNEY IFINISI-EIID-MILL-WALL IMLS-0340 I 1 1 1.0001 1.000I730.00130.941 0.51701 I
I 16 /27 Nov 1991 D-BH-I (?) I I I I I I I I I
I----------------------.-----------------------------------------------------------------------------------------------

Figure 17. Printed Process Plan
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similar to the one currently in the system based on similar

geometry. Having the manufacturing information stored as part of

that design gives the user the ability to use the previous

information as part of the new design.

Each of these modifications can be made in any order. The

demand driven nature of the Concept ModellerTM means that if

information is needed from one property to generate another

property, the first property will be generated in order to satisfy the

needs of the second property. In terms of the user interface, this

means that when viewing or modifying one part of the plan, all other

needed parts of the plan are generated. Any changes to these parts

are automatically displayed.



CHAPTER V

TRACKING THE PLANS AND USERS

Tracking the Plan

In order to track the initial and modified versions of the

process plan, the operations are stored in three ways. First, the

initial operations received from MetCAPPTM for each feature is

stored by feature under the property Operations. This group of

unsequenced operations is left unaltered. These operations are then

sequenced by setup. Second, the sequenced operations are stored

under each individual setup in the property called operations-

sequence-list. If the operations is modified in any way, the

operations-sequence-list is modified. Finally, the modified

operations are also stored under each feature in the property NC-

ops-list. This is the property which the APT/NC operations methods

use to generate the APT/NC code.

By storing the plan in this way, manufacturing knowledge is

now a part of the design. The system knows not only the initial plan

it generated, but also the modified plan the user created. If later a

part is run again, there is now a choice of using the initial generated

plan, the modified plan, or creating a new plan depending on the

circumstances. Having several iterations of the plan available also

allows the EAM to begin to reason about process planning. As plans
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are modified, the EAM will be able to use the modifications to

generate better plans in the future.

Tracking the Users

For the RDS, as for many other systems, it is important to both

control access to the system and maintain a log of who is using the

system. This is done by requiring each user to have a login ID. This

ID is then stored as a global variable in the system. Once the user

logs in and generates a process plan, his ID and name are stored as

part of the plan.

In order to protect designs and process plans, the amount of

access to the system a user has depends on the permissions that are

associated with the ID. Users classified for read, modify, and write

permissions. Read permission gives you access to view a completed

design and process plan. It does not allow you to generate, modify,

or store plans. Write permission gives you full control over

generating, modifying, and store a process plan. Modify permission

does the same as write except you can not store the plan. It allows

the user to play "what if"scenarios without permanently changing a

process plan. This permission scheme was developed in this way in

order to allow junior level process planners to use the system

without being able to overwrite a plan deemed acceptable by the

senior level process planners.



CHAPTER VI

CONCLUSION

In developing the user interface for the RDS, two major

problems were evident. First, the interface had to be user friendly.

Many process planners and machinists are unfamiliar with computer

aided process planning or even computers at all. But some may be

quite computer literate. By providing a menu driven interface that

allows direct access through user command, both types of users are

satisfied.

Second, the interface had to be flexible. No CAPP program,

whether variant or generative, can produce a process plan without

any human interaction. At least, not without becoming quickly

outdated. This means that, for the RDS to avoid this problem, the

option to change had to be present at every point in the planning

process. But allowing this degree of flexibility causes its own

problems. Since the planning process is not always done in a serial

manner, careful accounting had to be done in order to keep track of

how a modification to one part of the plan effected the overall plan.

Checks were built in that eliminated many of these problems,

however, this is an issue which needs to be monitored carefully.

By allowing the user to create a plan either interactively or

automatically, the benefits of both worlds are realized. Automatic
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generation allows the user to generate plans quickly. It can also aid

the designer in ensuring that the designs created are

manufacturable. By using the interactive mode, knowledge gained

from the modifications can be captured by the EAM. This will allow

the RDS to improve its process planning capabilities.



CHAPTER VII

RECOMMENDATIONS

As the RDS continues to expand, many parts of the user

interface will have to be changed. More work should be done in

feature translation. Each of the design feature needs to have a

direct translation to a manufacturing feature. But the option to

change that translation needs to be maintained. This will allow the

user to tailor the responses from MetCAPPTM to his present needs.

Work should be done is regard to the EAM. The manufacturing

knowledge is not being fully captured in the RDS. Some work has

been done on using the EAM to do feature sequencing1 1 . However, the

EAM is not being fully utilized with regard to manufacturing. While

some manufacturing constraints have been coded into the system,

they are primarily the constraints imposed by MetCAPPTM. Using the

EAM to train and capture manufacturing constraints as they are

developed through use of the RDS would be a great advantage. Future

users of the system would then I-,ve the benefit of past experience

(both the problems and successes) of previous planners.

The EAM should also be used to cluster on parameters other

then just design features. The EAM could retrieve designs based on

manufacturing features, feature interactions, setups, or entire

plans. Since manufacturing and design features differ, allowing the
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EAM to retrieve on manufacturing features may provide a different

set of similar parts then retrieving on design alone. Process

planners may also want to retrieve designs based on similar process

plans and the problems encountered. The EAM could be queried based

on any number of user defined parameters.

The flexibility of the user interface could also be enhanced.

Right now there are several input parameters to a process plan that

are defaulted. These include such things as material specification.

tolerancing, and other inputs to MetCAPPTM. Material specification

is currently defaulted to T-7075 aluminum. This can be changed by

the user but not easily. There are also up to 16 different parameters

which can be fed into MetCAPPTM. Currently, only the dimensions,

material, machine, and tolerance are used. Other parameters, such

as setup rigidity, thin wall conditions, and required cutter radius

are defaulted. These parameters could be included in the user

interface to allow the user to retrieve operations which best suit

the current situation.

Tolerancing information is not currently being used to its

fullest potential. Default tolerancing of single features is being

passed to MetCAPPTM. The user can change that tolerance when

creating or modifying a feature. Geometric Dimensioning and

Tolerancing (GD&T) information is also available through the use of

GD&T features. This gives you positional tolerancing and tolerancing

between features. But this type of information is not used by

MetCAPPTM, therefore it is not considered in creating the process
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plan. Incorporating this information into the process plan would

increase the potential usefulness of the RDS.

Flexibility in storing the plans could also be increased. A new

way to store plans created by the junior process planners is needed.

Currently, only the plans created by the senior level process

planners are stored. This means that if a junior planner creates an

acceptable plan, the plan must be recreated by a senior planner in

order to be stored. One way of doing this may be to create a

temporary storage location for plans created by junior planners. If

these plans are approved for usage, a senior level planner could move

them over to the permanent database which the EAM accesses.



APPENDIX A

Table 2. MetCAPPTM Results for Open Step

Opc ration Tool No Cut Total Speed Fced Est
Passes Depth Depth RPM IPM l'imc

Rough- MLS- 8 1.985 3.970 768 13.824 3.472
end-mill- 0272
loo r- wall 
Fin-end- MLS- 3 0.03 0.03 764 13.752 1.308

mill-floor 0224
Fin-end- MLS- 1 4.0 4.0 1432 33.509 0.179
mill-wall 0224

Table 3. MetCAppTM Results for Step to a Shoulder

Operation Tool No Cut Total Speed Feed Est
Passes Depth Depth RPM IPM Time

Rough- MLS- 8 1.985 3.97 781 14.527 4.2 8
end-mill- 0272
floor-wall
Semi-fin- MLS- 2 1.985 3.97 1898 52.385 0.304
end-mill- (1265

w a I I
Fin-end- MLS- 4 0.03 0.03 1358 24.444 1.300
mill-floor 0217
Fin -end- MilI i ng 1 4.0 4.0 3820 44.312 0.1 1
mill-wall Cutter
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Table 4. MetCAPPTM Results for Through Slot.

Operation Tool No Cut Total Speed Feed Est
Passes Depth Depth RPM IPM Time

Slot-end- MLS- 2 1.985 3.97 670 8.04 1 .492
m i 11 0288

Rough- MLS- 4 1.985 3.97 775 14.183 1.692
end-mill- 0272
floor-wall
Fin-end- MLS- 3 0.03 0.03 955 28.65 0.627
mill-floor 0224
Fin-end- MLS- 2 4.0 4.0 1432 33.509 0.358
mill-wall 0224

Table 5. MetCAPPTM Results for Open Pocket

Operation Tool No Cut Total Speed Feed Esi

I I Passes Depth Depth RPM IPM Time
Center DLS- 1 0.097 0.097 5348 37.433 (1.(003
Drill 001
Drill Non 1 4.0 4.0 6909 35.927 0.192

I n s e rt
Drill

Slot End MLS- 2 1.985 3.97 670 8.040 0,950
Mill 0288

Rough- MLS- 4 1.985 3.97 833 16.743 0.912
end-mill- 0272
fIloor-wall
Semi-fin- MLS- 2 1.985 3.97 1898 52.385 0.41(0
end -in ill - 0265

wall 
Fin-end- MLS- 5 0.03 0.03 1698 50.94 0.39(0
mill- I'loor 0217
Fin-end- Milling 1 4.0 4.0 3820 44.312 (.25 4
mill-wall Cutter I I I
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Table 6. MetCAPPTM Results for Cutter Axis Parallel

Operation T Tool No Cut Total Speed I Feed Est
I Passes IDepth Depth RPM IPM Time

Rough- MLS- 8 .990 2.970 1141.0 16.77 3.472
end-mill- 0272
floor-wall
Fin-end- MLS- 1 3.0 6.0 19100 30.94 0.171)
mill-wall 1 0224 1

Table 7. MetCAPPTM Results for Cutter Axis Perpendicular

Operaiion Tool No Cut Total Speed IFccd I Is
Passes [ Depth Depth RPM IPM [ li),c

Rough- MLS- 4 .990 2.970 1141.0 16.77 2.616
end-mill- 0272

f'loor

Fin-end- MLS- 3 3.0 6.0 19100 30.94 1.308
mill-floor 1 0224
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Table 8. MetCAPPTm Results for Biased Pocket

Operation 1 Tool NoseI Cut Total S p(ced Feed Est
________ I______ ~Pase Depth jDepth jRPM IP . Tinic

Center DLS- 1 0.097 0.097 5348 37.433 0.003
Drill 001 _ _ _ _ _ _ _ _ _ _ _ __ _ _

Drill Non- 1 3.9419 3.9419 6909 35.927 0.190
insert-

_____ _____ drill __ _ _ _ _ _ _ _ _ _ _

Plung~e- MLS- 1 4.0 4.0 891 3.742 0.988
end-mill 02 8 8 ___ ______

SlIo t -Cnd - MLS- 2 1.2733 3.82 290 7.98 0.408
Ill-w 1l 0288 ___________

R o u gh - MLS- 4 1.91 3.82 1141.0 16.77 0.9
end-inill 0272 _____

Sem1- fin- MLS- 2 1.985 3.97 1454.0 2879 0,4110
c nd -fli II- 0265

w~aI I _____

Fin-enld- MLS- 5 0.03 0.03 127 3. 0 26.73 )7 5
In I lI-floor 0217
F 1 n-end1(1- M Ii In 1g 1 4.0 4.0 19100 30.94 0293
Ill-wall C UtIte r
R ou-gh - Conical 2.0 4.0 710.0 24.708 0. 1 5
Conical - Mill

in ill - lor.m________
Fi n Ish- Conical 1 4.0 4.0 1222 4t.059 0.195
Conical- Mill
form -i ii Il
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Table 9. MetCAPPTM Results for Hole with Diameter
Greater Than 2 Inches

Operation Tool No Cut Total Speed Feed Est
Passes Depth Depth RPM I IPM Tinic

Plunge- MLS- 1 4.0 4.0 668 8.016 0.499
end-mill 0288
Slot-end- MLS- 2 1.985 3.97 670 8.04 0.482

mil I 0288
Roug h- MLS- 4 1.985 3.97 775 14.183 0I.54

end-mill- 0272
floor-wall 
Fin-end- MLS- 3 0.03 0. )3 955 28.65 0.214inill-floor 0224
Fin-end- MLS- 1 4.0 4.0 1432 33.519 10.239)

mill-wall 0224



APPENDIX B

THE CODE

Obiect Definitions

Fabrication Planner

Plan
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.VC~nve- >pan -tudneVc eam-scace pa:*t 2 -oe_ tooc: -, :I-

Wwl7-ac-lan (the earn-space part-macel facrlcavicc-o.ar. <(I

('3, l "a"0-a1 -set Ups) )

. ~ -i- redraw-wi re (the pa rt-model)
(7 pwa a raw-art (select :type 'ocpen-face-cl))

:C Ut':tcC~i't(select :tyce 'coen-face-rect )
nipa ':-c'4-prt (select :type rtrianjgalar-face))

Manufacturing Layout

-- - -2:~n. AKh.............

Manufacturing Plan Form

* . .'A C O Pa'C-P A ~

Woy-l ' -R D- ,/

K '.~'C-'''''" I"P--9

-. I-APSI '-:>N

AMM-AAMN:

- . ...
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TMP (POW 3) >2"! (WR -?1'U'--2.IC
{CWR-C0MANOLABEL "APT Oenera-cicn"

A C O N ('a c (? ec, y

'A"n

-- (

NAYA

A''A

AX 1) - .7

-A(- O N

A A

"NK

A A3

AV"'
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Modifying the "Design-to-Manufacturing" Feature Translation
(Modify D2)

. . . . . . .. . . . . . .- . . . . . . . . . . . . . . . . . . .

. .. .. . . . . . . .. . . .. . . -. . . . . . . . . . . . . . . .
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)Cn:vqe-va.0e uoe-'o--n stance ne form) 'engineer) ::npiv-va!, e,.- .7

(act Te-cart-method (change-lead-technician plan) (&aux old-lead-tech new- baa->.
(it' (n,_1 (the lead-technician)) (set old-lead-tech "") (set ala-lead-in-

.ean-Lecncr an))
sett new-Load-tech (pon-u-ypein-read" Input Lead Technuician" :1t0t "ir~

o. ( get-.rcon-lnstance (the form) ' lead-techniciarn) piv

)a.0v narne-antre:o plan) c&wxu: "issr~we~:........
r 1d-n (setc 0 1 nd-s ch edujler ''' (eu L .asv---

r , eci or (prop-ap - t y p e in-r ea d" I oput Lscv e d u lo"r -

(o .,,,,,U-Vt-_u aan-.nsuanoe (the tern) ' scneo1 1 or) rimpa -v

i~fn-ar-7--c'd )nnanqn~- issueonate plan) (&azx old-issue-dane-------:
i (- - . !'i bas "e - d aLe) ) ) settan L - ss a e - da: (t ''' V sento a;.a-. 1..

e - a a.o-ne t pcoap-u"p- t y pe 1n - roa "e a n d t s5. ae

i ~-vai. _e )t-rn-nsnanoonh fto rm)'su-rt :7.>-

act no-a'~-o'n (hange-date elan) (&au x ebb-cue-date new-nate)
f1 (th.e nue-date) ) (serf ala-due-date "") (set old-duo-date (tr a a:

se'. t n,(Wo-ae (pep-u-typwei n-read "Input Job Due Date" :jOl-st r!rtn n.dna -
(:7: c-v..: (at-:c nrstance (te term) 'due-date) : irau -v4a. vtt 2

no Wn~ecsce pl2aw )&aux oa-custmer m- -
4 ; wr (et : 0. -c( ~ c " ) (con : - ,_!_

- n-reaj root Name'" n

Modify Setup

an; x ri: environmon'.1

CC ( u-an amen 'granphi's) "Do .- cs Medit teat Ian",
'Or>>' l>- thepart--aoe))

Completed Plan
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(aefu E InistOC (&rest junk-icon-arqs)

(dec L are ( nrre junk -lcon -a rgs)
(52052 (c (-ens-choose I (Yes No) "Do you want to save tnis u:a to f ~:

(p~w-:!nn=(the parr-model fabr icatlon -olannrer o-an)

- ntr ouL (the part -moode fabricat ion-planner plan)

octt! 222-0d (view-pl an plan) (
'l/; e Iv-ew-olan : le ft 0 : top 40C
sofas Is-a is? (Al (cons 'final-pian (coyplie> (-p2.s2 2

:c~x-.-uncin' 9
finish'ed

w,::name 'IVEW-PLAN

,vs:uLe (ooncatl curs2'22~.......

5 ( (cr WS;: :qr!0-S 1 7e 10) (cons2 W": P..........

'09W. a FMOPERAT IONS

ont prpseaiist (c oy-tree 'NIL)

ws: :cleait(copy-tree 'NIL)
v~~~ s ,,)-ecme-tation-string "Mouse-Left & Mose-Rlohz: Form COpuaL? n 7o.

dde 9o' 'esn Form-.

c .s (ID',T RTO- IC ON
CNTENTS (mak-adjusable-array-of-strinas (UAL "Please Wal

0-11)1004

A% C '(On-u eo P .an''

NR-IX:S (QUO!E (1> 2 1 1020 21 1020 btIP 16b 51> -1
IF-HCPRPON S(QUOTE t 11 22 10 : 22 101 9 A09 11h

r / cp- ree 'NIL 1))

r'U ' p. ' a .9. . ,

e 0 .~o~t -p -' p s

Done

-(w;!rnt:-fvan command-ico2)(&el

-yo,2' in d reLU.: to fea'ture' ased osq env!2 20.'

.12K -(202-,] 1 2e0i

...........-: .*fooe. 5/us

-~ ~ ~ X (222>> ne 2025 1.. fy. ' 2..'22
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ccoon-o. i so*b~-conLext (the part-model) 'man-planning)
(colon-clea§--and-redraw-wire (the part-mnodel))

Modifying the Setups

Setups Modification Layout

_" E-PANE-FLAVOR 0.0 0.08375209380234507 0,2623370237623 "

:PLAY-PANE-FLAVOR C.262337662337G623 0.08375209350234:W1.

(ME*-SACE-A\ MESSAGE-PANE-FLAVCR C.41818l818l8i18I16 040 1.0 C.Oh~n>0u".

A,- ) : ,K- v~~' 0U01S EO N)
(S rP-PANE FORM-FLAVOR 0 .0 0. 0 0.41011181~~816 0 A0(3 2.:I

/~ ~ - a - - s.. 3. - S1 , '

Form for Setups Modification Layout

os:crew~e 'FORM.-OBJECT name 'MAN-SETUPS file 'uesrsrs-l--:.

eE:. 0Lo
ow.i.sw:Enqs (copy-list '(()RI-SIZE~ . :0) (DISPLAY-::1 tf".

I> Ci~!90 -A.c,(QCIF(C:LIGH-SOP .( nIG-S.:i -K.

DAE -SLO(,PE OCRNO FO?:-

(: ACKGRCUUNO AE<:-9

(PURPOSE :LLGEE-S LOPE .5-i1-9

PN-o jRE-O0-AL!ST =01OE? (K(LABEL :ncrai :norma. :%DRYA-,,..A

'r- i : NO RXAI.

C<RU:-C0NM AND :.ABEL"Ct7L ( u0
................1-AC ON v set
MOS-30CCUMNAA!EN-S1P:XV' 2

1(:WR11-CONSANr 1ABEL. "Done"

1.53>T-ACTrION (Q"'GOI co Loii-re--: > - c -5

STDDLE-ACTION NIT

MOUSE-DOCUY.ENrATON-STRNO W! ;.

NAME (QUOTE DONE)

BORDER-DRAW-MEHO D 1

2P(ROW- 3): 3 b -:-
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LEFT-ACT1ION '(cnanqe-o1Lan '. ys)
MOUSE-DOCL'MENi AT I1ON-S :R kNC I

s.

N'AME'cat~ymcI:
BORDER-DRAW-METiOD i

BORDER- I L'"'--MEI DD-I e

TOP (ROW 2) LEFTL (CWR'J-FEA:--:i
'CWRU-COMMANII LABEL "Add Feature"o

LEFT-ACT EON 'adfa-rs
MOUSE-DOCUMENTATION-STRING '10 afu":

NAME 'add-feawure

TOP (ROW 1) LEFT (CWRU-- FAI~s:.-V .7 N
(CWRLI,-COXMANI) LABEL 'Deletoe Fature''

LEFT-ACTION '(deLete-feal.re)

MOUSE-DOcUMENTATICN-S1: c:;"-.

NAME 'delete-feawurc
TOP (ROW 2) LEFT (CWRU-FF!:=0

'EWRU-COYMAND LABEL "Add asr"
LEET-ACTION I(add-new-setb :K .p-

MOUSE-DOIILMLN!AT ON-STINS I:"Aso

NAMEI 'add-se....

TOP (ROW 3) LES-FT W ,.bA
CSRL'-IOXMANI) LABEL "Delet~e -,el_ .ps"

LEFT-ACT ION (cIed e-j5

MOUSE-DOCUMENIATION-STRINC; A*:.

NAME 'do Iote-so
iLI 0% (I1)- :&by1

A55 - I OYN: ABEL "F Ix _, ri,

AJ:0N (v i e w- So2-

MIOUSE - DOCUMENTI " :T NG."2. .

NAME 'fixturing

TOP (ROW 3) LEFT (CWRI-EFATLR: 7-
('CWRU-COMMAND label "Opera:. ons"

LEFT-ACTION -'(VI EW-OPERAT ILNI3)

MOUSE-DOCUMENTATION-STR:NS V. VVO

I Qovd'... 05'

NAME 'VIEW-OPERATIONS

TOP (ROW 2) LEFT(CR-EIK-IL:yr
'CWRL-COXMAND LA1BEL "View Too:lie:"

MOIISE-DOCUMENTATION-STRINC "View L>'> =:

NAY,.- 'VIEW-TOOLINO,
TOP (ROW 3) LEST' (CWW-FEATURKS..;-.1 i

',:v;bZSj-COXMANO L',!ABEL "Draw Par:."
:.EET-ACT ION (CJO IF Lo-N:-2

MOIISE-DOC;MNI AT1 ON-SIR: NI "n n; ,:n Z

NAME (QUOCTE:R:RW
TOP (ROW 2) LEFT(CR-FIL



83

Deleting a Setups

)oe~t-ort-etod(colon-dielete-a-setup plan) (&aux (which-setun Itetast:
(c,, (p,; -,; - mesage (format, oil "Do you really want, to delete -a?" (c

:button'ist (list 'No! 'Yes))

(K 1. i. W oI'h-II-setup))

Adding a Setup

(cefio-na ~h d(add-new-setup plan) ()
)let,* ((feat,;'es (select :type 'manufacturing-feature-mlxin i ot (cc...

1:-feature-zyue) "starting block") )) )
(numbroe )pop-up-t ype in -read "How many features do you wan- n ,

(cr,-os' gceatures I(

nc-ew-feature ' )

Ioso(cotines Wx read-f rom-n-ott 129 er

3 o _(; _ne sew set. ll

)setf features (remove02
(set f chocs Inc-features kpn

iWrs.I ew~qfatures)

(a'ner )noo-up-messaoe (format nil "Are these tLne fe1,__e 'ej%,

(feat.ures-string feat ures-chosen))
:button-list (llst 'Yes 'No))))

(e (uoma answer 'Yes) (qen-setups (the) )the part,-moel .2-s,-s::t-

Adding a Feature

(n~otn-part-rethd )coloo-ado-a-fearure setup-face) )&a.Y 'ea :o .-
.(a ne o.isen ' Ina -- feat ures answer)

(l:etf fe~tsroo (select :type 'manufacturing-fealsre-mixi2 :tes:

y-)"statling block")))
fc'_uesnw nil)

(it. featuores)

(fno (member it (the d2-features) ))(sett features-sew (xi:'

e;tr C s-:eA; !r ma..~.............

f5 5a t( 5s-zr Cn zo (the d2 - eO a, re )50

;ie ormat. 2i " 'Are rnruse r. e Waeitu too y:,.
e(iI ) u:r:e s-oz r n, In Thi-fears res)

:osuto2- list. (list ' Yes ' No))
Is' is...irrwer 'Yes) (not (member feature-conisen rt: v.-~< .<1

Cot7-( ronr' 2-tearmres) f inal1-features)
- .. V ne super! or ) (the part-mrode: 6-startnirn-n. P v,::
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Deleting A Feature
to ere(cc ! cc-oeiete- a- fe atrure setu - f ace)

le' ('c r ecs ( the 02 -fteatuL;res)
ir( cn ose n (men u-choose (t he 02 -feat.u res) (fto rmrat nI Se c.,::

to c ste -a' (get-print-name (the)))

f at u res (remove feature-chosen features))

(X sI rC

p-mes sage (formrat nil "Are these the feat.ures yo-.
-~ ( e)) features-string final-feat-ures))

:outtsc- io .st ' Yes 'N)
(Icc:(v cwer Yes)

(ted2-fea ,;'es( f4--a-featureo)

15(the sunerLor) (the part-model 2u l' ~

View Fixturing

a' ' (0wste-ltcg Setup-ace

x 1; r am X*. S cco

XX v5(,.

-tzxtures o' 7s-- 1

Quantity/Machine
"d~tctc (Cc, o-uet-acices setu -ace) (&a -x cat:.

:(tre oucper &or mnacnine))

ce-Ctted(rrCcu-thoOSo m'achines))

-:c-vi . (c-cnInstance (the form) 'machine) : out,,-va I.:e macot -

:1(-11o'---e oa (cc'ion-caoable-rrachine setupi-f ace) (&aux mracc

X7C ' z 'r' (x) (x Iwidt h))

i~oa /) S 10(>2

- --e accl Ico)

'I. orin, 'Toocce -vk,

on-cweearqatity oetuc-fate) )&txc
5 t.l term 'fuc y)

o ev
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,n.e j (<~ reao-icun-value (tihe for m) 'cu,-an: oy, ) '5~

:srnere (Iiu?

'XMax (lam0ca (X) (> x !width))
'v.max 4' (lambda (z) (> z !deoth)))

;nue? nil))

(enr;;e-v..(not -icon-! nstance (the form) 'machine) : nput -v..-,; rsy.I'.

(aoolne-part-menhoa (colon-cancel-feature setup-face) (&rest ]unK-!to2-dahjti
,~oounk-i con -ar-qs))

osttr -toture(the))

(CI en~c-exit-feature setup-face)"(rost 'n-s-
ji k-con-args))

(*_h d2 '0 turs) )

e~~~ n:rr It)) c (2 f" mach ne)

(-o ' c s I ("s uqqested mach ine i ist" valo e s.eocnon- .

)"eapaole macnine A.so"' :va us m!n. -a

'ne st C noic, ))

l5.'tai±db1 0-maicnnet5-iist )coten-caoaolo--'on! -w

(sot t -. -ron (seoloct*-a-setup)

(cransqo (on par-m00C. current-subpart) this-flace)
(c n-..,- ca . j re t hi:s- f ace)

View Operations

n cs 55 . ttimo5 'CM ' w'' : f is (concat ou r pwt ''mTan-v sow-;P. ±!>.rt'y

W onit Itt '9q (list (=t~s '',s: :qr :-size 10) (ccns 'WS:W" : a15-:a

:- 'F RM-R F P SH

ws:r j; -,n OR" SPb'PATONSi

Cs i;o (opy-t roe 'NI 2
i ,; sny -. ro ' Ni

In s n''>II;.a"5e, 'efP & Yo uso -'.::q

( -ae-a ]:±'S:/ d... .0. r
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nAHK, F 12

HORDER-POINTS (QUOTE (16 21 850 21 850 240 16 240 1)1 20)

.!T-BORDER-POINTS (QUOTE (17 22 849 22 849 239 17 239 1' 2>;,,
NAME (QUOTE MANUFACTURING)

AW.U: 850

HIGHTCii 240)

IMCI 1 LE-CHOI1CE-I1CN
CII;RRIEN.'-CHOICE (QOECcioc

LABEL "Operation Changes"
MOUSE-UOCUMENTATION-STRING 'Rearrange operations ina si
NAME 'ops-change

TOP 275

LEFT 10
WIDTH 175

HEIGHT 30
-=oos '(('BOX-CHECK-ICON

CHECKED-DRAW-METHOD (QUOTE CHECKE 07-CIRCL.E-C)RAW)
LEFT-ACTION (QUOTIETOLEMLI E-OC)

MOUSE-DOCUMNTAION-STRINO "Clck im mran, i

.,x::..HD-'ece A.i

NAME 'InIn o-nra o

LEFT !I,
WIDI'H 175)
('BOX-CHECK-ICON

CHECKED-DRAW-METHOO (QUOTECHCE'-IC.-CA
LEFT-ACTION (QUOTE TOGGLE-MUI.TIPLE-CHO.ICE)

MOIISE-UOCUMENATION-STRINC "Click in mae '1 7

LABEL- IOU

NAME 'rodr-ortin

TOP 300
'Vi'T 195

WIDTH 175)

('BOX-C.HECK-ICON
CHECKED-DRAW-METHOD (QUOTE CEKD-ICEIRW
LEFT-ACTION (QUOTE TOGGLE-MULTIPLE-CHOICE)

NOUSE-OOCUMENTATION-STRING "Click to make chis coo£t.

nOBI. "Chance Tool"

('<IX >EEK-iCO
7;:CoKwnr;RAW-ME1iOD (QOlEC CK..-CRE-A)

. Er'.-ACTICM (QUJOTE 00 -U.-PL-H C
MCUSE-DOCUMENTATIOM-STRINC "CI bk to rake iri !'

LAHEL "Coo orje Fooed"

LABEL-TOP
NAY? 'onneg- I c

:)113=

EFl <HI
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',BOX-CHECK-bCEN

CHECKE:D-DRAW-METHOD (QUOTECECECRL-Aj
LEF-ACION(QUOTE TOCCLE-MULTIPLE-CHCICE)

MOUSE- DOCUMENTATI ON-STR ING "Click to make tilo- trf i~e:

L.ABEL 'Change Sooed"
L.AEEL-L.H?? 21

LABE L -T -_:

NAME 'crq~e-s 0000

TOP' 3cc

WIDTH 1120
('BOX-CEECK-!CCN

checked? L

CHECKED -DRAW-ME THOD (QUOTE CFKZ-ICT-1
LEFT-ACTION (QUOTE TGL-C''~,-HI~
MOLSE-DOCUMENTATION-STRINC "Click to make tsi trw

LABEL "Continue"'
LABEL-LEFT 24

LABELh-TO? 5

TOP 300

.21l 151

1:T 00))

mb (copy-t ree 'NIL)

22 1:e12.lrl-irluk(setup-face answer)

012.2 el..: ,vsnwur ' ourder-oper-ar ions)( ero-pra - -0

i( uc (2 L'd te-1)poraion) (del ore-coo ratio o~~"

1 e 'c 1ne-t.ool) (chango-t-oo stutuo-' 0 00)

tso spoec ( change-spc 50000 oct ±2

r -- etho (oprat 'in s-or:i nt out setUp- "Ice) (pr i t1is:o

(prv1 u nil)
1 0 Wr atLioan n:

- .. .. .. 2: )aar (nhe ootnscouye-.st)

(22 operar ions-oerbuenco-lisu.) pr :nt.out ,2)

re2 1211 r( e i2 on 1 (got-cot rent-noorar.o 1111 1:1-

(sui22 carr eci-oearbo: (subsil.? .e 0 (rit~ A

(nn orlntout2

(aooorrd prtI IL (lis~t (forra........-11.. .

i /,2t,1-B,2' f/ 1

-- - - --- - - - --------------- -%
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(rith 2 co.r rect -ccer a tx: 1.

: rr( rt.- Q p . , Lo )

(n th S curre:-r~yf.

r 2 :r(7j. r' a. on)

(%th 3 cc rrect -- oe r at.2j :

(nt n co rr1eu-:;7u..

knf OpflQ I)

(c 1 n dr ( the oner alttns-seauence-' "1 is, pr in,_ut,*.

(set erintout2

(acpend crintcut2

(list

(format print-lists -lbs i-20a-

(tne machine) (27 71

We:alt-ups-pr-tezcu' setucP-face) (us!)

(co'rc-oeralon nil)

p5 rlntout,2)
(setf correct-operatiton (get-correct-operat ton (car -i 7-

(if (null (nch 5 correct-ooeraticrrfl

(setf correct-cceraticn (substitute C (nhrcr -

(append prnrtout2 (list (format nit "-2d -16 -9

- ': - 3' -1' 2f -5,2 23 .j -

ott-no (c-r:t

(nth 2 carroc:.-:

V(nth 3 correct-

2.27)?

(ge 7 p >*
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V or (::. i! I" Setup Nar-e: -a-%Op No Feat>.re
2,0o 2O ss( Depth 'Ions. Dup:n Spc Wen Mme{ 0 UA

(qnPA-ae(:2.0)) (a1l-ps- ipou .2)

~ot:view-operat sons t&aux this-face)
(s~*,f ni- ce (select-a-setup))

cc -v s vi.ew-cps :left 1, :roo 40
:dcaujs-a.Iisl vAst (cons 'mar.!acr:Inq2 ~r

Reorder Operations

(ne !"O-af -"nu ons setup-face) V&aux now-s -on

mw"M] :order) ((er

"In (puet ( ' ho n (000> a

:nsge..ncei~tj )new-oos-order) ) AM)))

- o (sort nc siorder V< Ae #a)

-oos pre now-c;

W ,, ~ ~ ~ ~ ca Yi1esa: Y s (W ro (he 0,C

Delete an Operation

I Yens No)
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coatacter s-to 125 )

V. to. Ct .TISOe-wanlted 'Yes)
(r ortinshos(car (nth (I- css-una) (M no v-: V

sif teature (car (nn Q- ops-oumt) (toe ~.~. .1U

(Sl a SL (get-cor rect-operat ion teat .re (ott - 0

1050q (the nc-ass-.s PtC rot- teat ue)

(remove 031 (te nc-cas-llot (::rot ea.-)I'

Change Tool

e-trtsE noo(onange-tool setup-tace) (
(oSrum (menu-choose (Cos- lerpro (toe noerations-se; .w -

fyou =L:: inue, you nay not get t a_-
a j 7 Z tool lint"

A..O.( . i.-. iswer 'tootinue)

C(te

Ghanae Speed
a:.:. ~-artmto;d(change-'rneed setup-!ace) (

(-onb(mnu-choose (cp's-length (the opertin-e, av- i

a/. y o r. to c ha nge?'11)
(>. -re (car (nth (- cpsn-mbr IC (f>-

0
opra

.r:tc nt- a pc'rat- L o fanr
0 
o n (1 a ps-nj b71r

.-..
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Change Feed

cc (ar (fink ) ops-lomo I ) (the opertl:s-c,.'' an:.

mp qev correct-operation feature (nth (- Oot-naimn 1- J f

wnn-lfCeU (n th 4 nops)
77', fec (pop-u-t ype in -read'"Type i n the new Feed" :1"I r i

(7o:-s(suostutute (read-from-sur inq new-feed) )wh1 '>' , - A
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