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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 MetCAPPTM. 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 MetCAPPT™ 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 |

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




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




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 (Al) 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.




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




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 mode2. 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.




The Rapi ign m

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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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




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. MetCAPPT™ is a stand alone
CAPP program which generates machining information for a single

feature. MetCAPPTM algorithms are based on feature dimensions,




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. |f data is changed near the end of the planning process




10

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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CHAPTER I

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, too! 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
car 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.

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 il

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.
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The RDS has separate design and manufacturing features.

19

The

manufacturing features in the RDS are the same features used by

MetCAPPTM (Figure 6).
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&y & &

i Chamtfer Edge
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Figure 6. Manufacturing Features

MetCAPPTM is used to obtain machining information for a

specific reature. 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: 90°
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

Opecration Tool No Cut Total | Speed Fced Esi
Passes | Depth | Depth § RPM* JIPM** | Timc
Cenitcr 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
Plungec 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 0.392
ecnd-mill- 0272
floor-wall
Semi-fin- MLS- 2 1.985 3.97 1454.0 28.79 0.439
cnd-mill- 0265
wall
Fin-cnd- MLS- 5 0.03 0.03 1273.0 | 26.73 0.275
mill-floor 0217
Fin-cnd- |Milling 1 4.0 4.0 19100 | 30.94 (.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 100% 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 90°, then a tool

that would fit in a 90° 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 MetCAPPTM
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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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, movng 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




26

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 MetCAPPT 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 1V

USING THE USER INTERFACE

The code developed here is written in LISP and involved the use
of the Concept Modeller™ (CM). The Concept Modeller™ 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 lcons

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 Modeller™ layout which consists

of several panes (Figure 9).
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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 Modeller™ 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 Modeller™. 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 Pr 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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Figure 10. Header Information Screen




34

Modify D2 Screen

11,

Figure




35

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. |f 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




by selecting the Add Setup icon. The system then asks for the
number of features to be included in the setup. Once that number s
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 weil 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 MetCAPP™™ 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

too! 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 too! 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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taefiun nen-lns-mi.-cul (Leel-data)

(format nil "Drawing Number: ~a
Cutting DiareLer: ~a
Diameter Designation: ~a

ticctive Flute Length: ~a
Overall lengun: ~a

Cutter Bedy

I'ype: ~a
ol ~a

~a

“h 1 oLogl-data) (nvn 2 Loel-gata) 00 ¢ -

(nth 7 tool-data) (nth B tocol-data) (nuon 2 ol —a

{(rth 13 tool-data) (nth 14 Loc.-datar (000 L 1o -5

I .n 17 tocl-data)
si-ddta) (nth 12 teci-data) (nih 20 tecl-watay {0 S0 0 -
[ ! ntn 23 tooli-data)

25 togl-gata) (oth &€ Lool-walar o4

datal)

Figure 14. Sample Code for Non Insertable Milling
Cutter

The format is chosen based on the type of tool. The
information is displayed for each different tool used in a setup. The
information can be done by setup or for the whole part. Each tool is

displayed one at a time (Figure 15).




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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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 modificaticns can be made in any order. The
demand driven nature of the Concept Modeller™ 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, modity,
or store plans. Write permission gives you full control over
generating, modifying, and store a process plan. Maodify 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 Iin 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 Vil

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 MetCAPP™ 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 sequencing'!'. 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 hcove 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
GDA&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

Opcration Tool No Cut Total Speed Feed Est
Passcs | Depth | Depth RPM 1PM Time

Rough- MLS- 8 1.985 3.970 768 13.824 | 3.472

end-mitl- 0272

floor-wall

Fin-cnd- MLS- 3 0.03 0.03 764 13.752 1.308

mill-floor 0224

Fin-cnd- MLS- 1 4.0 4.0 1432 33.509 | 0.179

mill-wall 0224

Table MetCAPPTM Results for Step to a Shoulder

Opcration Tool No Cut Total Spced Feed Est
Passes | Depth | Depth RPM IPM Time

Rough- MLS- 8 1.985 3.97 781 14.527 | 4.208

cnd-mill- 0272

floor-wall

Semi-tin- MLS- 2 1.985 3.97 1898 52.385 0.304

cnd-mill- 0265

wall

Fin-cnd- MLS- 4 0.03 0.03 1358 24 444 1.300

mill-floor 0217

Fin-end- Milling 1 4.0 4.0 3820 {44.312 | 0.181

mill-wall Cutler
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Table 4. MetCAPPTM Results for Through Slot.
Operation Tool No Cut Total | Speed Fced Est
Passes | Depth | Depth RPM 1PM Time
Slot-end- MLS- 2 1.985 3.97 670 8.04 1.492
mill 0288
Rough- MLS- 4 1.985 3.97 775 14.183 1.692
end-mill- 0272
floor-wall
Fin-cnd- MLS- 3 0.03 0.03 955 28.65 0.627
mill-floor 0224
Fin-¢cnd- MLS- 2 4.0 4.0 1432 33.509 | 0.358
mill-wall 0224
Table 5. MetCAPPTM Results for Open Pocket
Opecration Tool No Cut Total ] Speed Feed Est
Passes | Depth | Depth RPM IPM Time
Centcer DLS- 1 0.097 0.097 5348 37.433 | 0.003
Dritl 001
Drill Non 1 4.0 4.0 6909 35927 | 0.192
Inscrt
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
floor-wall
Scmi-fin- MLS- 2 1.985 3.97 1898 52.385 | 0.410
end-mill- 0265
wall
Fin-end- MLS- 5 0.03 0.03 1698 50.94 0.390
mill-floor 0217
Fin-end- [Milling 1 4.0 4.0 3820 134312 | 0.254
mill-wall Culler
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Table 6. MetCAPPTM Results for Cutter Axis Parallel

Opcration Tool No Cut Total | Speed Fced Est
Passcs | Depth | Depth RPM IPM Time
Rough- MLS- 8 .990 2.970 1141.0 16.77 3.472
end-mill- 0272
floor-wall
Fin-¢nd- MLS- 1 3.0 6.0 19100 30.94 0.179
mill-wall 0224

Table 7. MetCAPPTM Results for Cutter Axis Perpendicular

Opcration Tool No Cut Total Speed Feed st
Passes | Depth | Depth RPM IPM Time
Rough- MLS- 4 990 2.970 1141.0 16.77 2616
end-mill- 0272
floor
Fin-cnd- MLS- 3 3.0 6.0 19100 30.94 1.308
mill-floor 0224
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Table 8. MetCAPPTM Results for Biased Pocket
Opecration Tool No Cut Total ] Speed Feed Est
Passcs | 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
inscrt-
drill
Plunge- MLS- 1 4.0 4.0 891 3.742 0.8
cnd-mill (0288
Slot-end- MLS- 2 1.2733 3.82 29() 7.98 0.408
mill-wall (0288
Rough- MLS- 4 1.91 3.82 1141.0 16.77 0.392
end-mill 0272
Semi-fin- MLS- 2 1.985 3.97 1454.0 28.79 0.430
end-mill- 0265
wall
Fin-¢nd- MLS- 5 0.03 0.03 1273.0 26.73 0.273
mill-floor 0217
Fin-end- Milling 1 4.0 4.0 19100 30,94 (.293
mill-wall Cultler
Rough- Conical 2 2.0 4.0 710.0 24.708 0. 13N
conical- Mill
mill-form
Finish- Conical ] 4.0 4.0 1222 41.059 0.1935
conical- Mill

form-mill
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Table 9. MetCAPPTM Results for Hole with Diameter
Greater Than 2 Inches

Operation Tool No Cut Total | Speed Feed Est
l Passcs | Depth | Depth RPM I1PM Time
Plunge- | MLS- 1 | 4.0 4.0 668 | 8.016 [ 0.499
cnd-mill 0288
Slot-end- MLS- 2 1.985 3.97 670 8.04 ().482
mill 0288
Rough- MLS- 4 1.985 3.97 775 14183 | 0.548
cnd-mill- 0272
floor-wall
Fin-end- MLS- 3 0.03 0.03 955 28.63 0.204
mill-tloor (0224
Fin-¢nd- MLS- 1 4.0 4.0 1432 33.309 | 0.239
mill-wall 0224




APPENDIX B
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taelire-part-mechod (change-lead-technician plan) (&aux cld-lead-toch new-.e . )

(if (null (the lead-technician)) (setf old~lead-tech "") (setf cld~icad—rcor (- -
cead-techniciany))

tsett new-lead-tech (pep-up~typein-read "Input Lead Technician' :@ ol -

i.ue (get-licon-instance (the form) 'lead-technician) :inout-va.

)

Gletone-wasrt-roetnee (Change-sc an) (saux ¢id-scheau:io: et
schoeduler)) cheduler "") (sel! o. -«
typein-read "Input Scneduler™ :init-si:ing o.a-
$! instance (the {orm) 'schedule:r) -V i e -
)
t-metned (change-issue-date plan) (§aux old-issue-—< O -
[ (S0 Lo-date)) (seui ool ") (setf o cla-inue- O
)
I .ssue-gate (pov-up-lypelin~read "ln Issie Date" - - -
.0 (get-icen-instance (the form) ! H SVl e - -
i

i

taell -raetnca (change-date plan) (§aux cld-cue-date rew-daio)
b

(L1 (ru.l (ohe due-date)) (setf cld-due-date "") (setf old-duc-dalce (.70 D=
(seu!l new-date (pop~up-typein-read "Input Job Jue Dare" :init :
(Unange-via . ue (QQL‘iC("'lﬂSNGRCe tne form) ‘due—date) :InsUl-va. .o Dea=galo

Lo : =l (change-cuslemer glan) (faux c.u-cus.emer - s
( { SN sLumer)) (s Lomer ") (send e '
v Customer Namoe" orornli-suriiao ool
[ (the [orm) 'euslomer) 1inoul-va. ¢ o Ge= L o

Modify Setup

()
and fixturing environment"

name -layoui-rman-selups)
', {(gel-vane-namea ‘graphics)

~wire (uhe vart-modei))

a-roear

Completed Plan




finished (srest junk-icon-args)
(declare (ignore junk-icon-args))
equa. (menu-checse ' (Yes No) "Do you want 7o save this olan te fllo0™

g o~

(the part-model fabrication-

clanner plan))
ut (the part-model fabrication-pl

(&3
anner plan))

dolire-part-merhod (view-plan plan) ()
l.ies 'view-plan :left 0 :top 40
rdefaults-alist (list (cons ‘final-plan (complolca-:
rexit~-function 'finished )

SR O

(oo reay PFORM-CBIRECT wsiiname

wsiifile

"
¢
inags (list o (cons twsiigrd LC) TEREN -

no ' EORM-OPERATIONS

lon 'FORM-REFRESH

-acLion '"FORM-CPERATIONS
woistent-purpcse-alist (copy-tree 'NIL)
wsiiceler-pursose-alist (cecpy-tree 'NIL)

w5iimouse-aocumentation-string "Mouse-Left & Mouse-Right: Form Operations Mo o
sLse=Middie: Refresn Form."
wniricons ' (( JITOR~ICON

CONTENTS (make-adjustable-array-of-strings (ilst

CONTE
TC IDTH 1004

1020 510 e S0 e U

1019 22 1019 308 17 nly S

rrescro o Loar=inic (copy-ltree 'NIL))
Gt omrelno slan elan) (saux setdes orints)

orints (aiL-cps-header 1u))))

Done

cormmand-icen) (&rest .
" ot Layosul and return to featurce based . i ;"
iy

(Lne part-rmoade]) {Doo=-gds )




(colon-disab_e-context (the part-model) ‘'man-planning)
{colon-clear-and-redraw=-wire (the part-model)

Modifying the Setups

Setups Modification Layout

L-man-setups ' (

[0+

~

-PANE MESSAGE-PANE-FLAVCR 0.41818181818181816 C.C 1.C
KQUOLISE)

SRR = TURE

Form for Setups Modification Layout

'FORM-0OBJECT name 'MAN-SETUPS file "/users/rds/rds/ui-:

tefiv 0 teo O
10y

it-seuuings (copy-list ' ((GRID-SiZk . 1C

(DIS

RN

(:LIGHT-31.
(:DARK-
{: BACKGRC
(:PURPOSE

(CUOTE |

P HAUKGROUND

NAME ‘currentl-seLups
TOP (ROW 1) 1
(' CARU-COMMAND LABEL "Done™

LEFT-ACTION (QUCTE coler-retirn

MIDDLE-ACTION NIL

MOUSE-DOCUMENTATION-STRING "o ic

urieg wpianning
NAME (QUOTE CCNFE)
BORDER-DRAW-METHCD

BORDER=-HILITR=-METHCD

PUPG-PANE FORM-FLAVOR 0.0 0.0 0.41818181818181816 0.083/2209

(CWRU=EEATURY D

FLAVOR 0.0 0.08375209380234507 0.2623376G23376673

DISPLAY-PANE-FLAVOR C.2623376623376623 ©.083752C9340254%

CLOR3 /DSl

PLAY -

3G 340

»
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LEFT-ACTION ' (change-auan

TLLe cner

NAME 'VIEW~OPERATIONS

TOP (ROW 2) LEFT (CWRU-FEATUR

RES-000.0MY

('CWRU-COMMAND LABEL "View Tooling"
LEFT-ACTION '(view-too!ing)

MOUSE-DCCUMENTATION-STRING "View Lru Mo

NAME 'VIEW-TCCLING

TOP (ROW 3) LEFT (CWnU-FEATURES-U0 LN

('CWRU-COMMAND LABEL "Draw Parc®
LEFT~ACTION (CUOTE C
MGU DJOCUMENTATION=-5

N

V=AN

RING M

NAME (QUCTE REDRAW)
TOP (ROW 2) LEFT (CWRU-FEFAT

MOUSE-DOCUMENTATICON=-STRING “Cran ¥ N
BT e e e ost
NAME 'quantity-macnine
BORDER-DRAW-ME D PN LUE SBURD A
AN
BORDER-H]LITE-M: v HEE SIS IS 3
eolangle
TOP (ROW 2) LEFT (CWRU-FEATURFS=CCLUMN 1))
('CWRU-COMMAND LABEL "Add Feature"
LEFT-ACTION ' (add-features)
MOUSE-DOCUMENTATICN-STRING "Ac.s o feualuizo
NAME ‘'add-feature
TCP (ROW 1) LEFT (CWRU=FEATUKrI-(ILUMN )0
('CWRU-COMMAND LABEL "Delete Feature"®
LEFT-ACTION ' (delete-
MOUSE-DOCUMENTATICN-STRIN PP
CatLres"
NAME 'delete-featurce
TOP (ROW 2) LEFT (CWRU-FEATURIL-ULIUMN Vg
('CWRU-CCOMMAND LABEL "Adgd a sctup"
LEFT-ACTION '(add-new-setup (Lia uvar:
Tanrication
MOUSE-DCCUMENTATICN=-STRING "Acu Doew.oen”
NAME 'add-setuo
TCP (RCW 3) LEFT (CWRU=ZEATUS COLUEN )
( 'CWRU=-COMMAND os"
delele-da-sol (e
Caurioanlen-ulanner olan))
MOUSE-DCCUMENTATICON=-STRING "o oy WLt
NAME 'delete-setuo
(0P (ROW 1) TOUWKU=F BN LR T
(PCWARUSCOMMAND “FixTuring”
LEFT=ACTION ‘(view-solup~] (e -
R S
MOUSE~DOCUMENTATION=-STRING "v.ow ps s
: ~avien”
NAME 'fixturing
TOP (ROW 3) LEFT (CWRU-FEATURFZ-UDIUMN )
('CWRU-COMMAND label "Operations"®
LEFT-ACTION ' (VIEW-CPERATICONS)
MOUSE~-DOCUMENTATION=-STRING "Ca.. MouLUAb
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Deleting a Setups

(cefine-part-methed (colon-delete-a-setup plan) (&aux (which-setup (seieci-a-sot .tij)
(i1 ey (pop-up-message (format nil "Do you really want to deleme ~a?" (gol-ir -
Lame o wnlon-sen o))

tbutton-1ist (list *No! 'Yes))

Yoo

(Ri:.-varL wihich=-setup))

Adding a Setup

(define-part-methed (add-new-setup plan) ()
(levx ((features (select :type 'manufacturing-feature-mixin :test (not (wu.o
feature-tyve) "starting blcck"))))

(number (pop-up-typein-read "How many features do ycu wa
(chocsing-features '())

(chovsing-new-feature '())

(teatures—cnoesen (gdotimes (X (read-from-suring

(setf cheosing-now-* (e - ¢
oL orh @ Teal W Le aco Lo the new setuov"))
(sell fealures (remcve cnoovsing-iaow-loal ..
(self choosing-features (appaenc (1o -
cature) cnessing-fcatures))

))
p-up-message (format nil "Are these tne
>s-string features-chcsen))
ibutton-list (list ‘Yes 'No))))
(11 (egua. answer 'Yes) (gen-setups (the) (the part-mode!l o’

fealuros you warn

a

)

Adding a Feature

(cdeline-vart-metheoed

(colon-add-a-feature setup-face) (&aux fealuro. laa Lroeo-o
reature-chosen flinal-features answer)
{sel? Teatures (select :type ‘'manufacturing-feature-mixin :tes” (~oL (ou.a. O s
: type) “starting block"))))
fearures-new nil)

taciist {1t features)

not (member it (the d2-features))) (setf features—-now

i .
e e .
Lo T [
[ 3
sage (format. nil "Are trese the features yoo .o o saloo L .-

(fecatures-string final-features))

:button-list (iist 'Yes 'No)))
answer 'Yes) (not (mempor feature-choson (Lno 30 =faalureo
a?-features) final-features)

{tne superior) (the part-mode! d2-starting-biov<) 0
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Deleting A Feature

(et ire-part-methoa (colon-delete-a-feature setup-face) ()
L ((features (the d2-f
(feature-cnosen (menu~choose (the d2-features) (format ni. "Select a ¢ oo
¢m ~a" (get-print-name (the}))))
a.-features ({remove feature-chcsen features))
{answer

vop-up-message (format nil "Are these the features you want o -u?l "
el -oring (vne)) (features-string final-features))
tbutten-iist (llst 'Yes 'No))))
fawrnen {(eaua. answer 'Yes)
(orarae (Lthe d2-features) final~features)
(sen-setups (the supericr) (the part-medel ISP G I s -
Cealares)y
)
)
)
View Fixturing
(view-setup-{ixturing setup-face) ()
sres-—avall {(car (select ruse (Lhe))))
(mapcar s'get-print-name fixLures-aval )
{rmen print-fixtires  (formal il "Unotsc
SRS i~ ~name (Lne))))
int-fixtures) fixtures-avall)))
{(Cruaw-vart [ixture-wanted)
)
)
Quantity/Machine
et (colen=-suggest-machines setup-face) (&aux rmacnines -
(Lhe supericr machine))
rmwanted (menu-cheose machines))
(cet-icon-instance (the form) ‘'machine) :input-val..e macn '
I
i (colon-capabie-machine setup-face) (&aux machin ks L ;
10
xmax ' (lampda (%) (> x lwidth))
'srmax 3t (caroda (7)) (> 7z taepln)))
AN
‘ i e (e .- 50 omacnines))
| joo- —loen=te (e ftorm) ‘machine) inollova oo ol e Lo
)
el Drneseart smet nod (colon-ghange=gquantity setus-{ace) (faux maoriieswenter)

(rnange-va Lo (gel-icon-instance (the form) ‘'aquantity))
froc Do manh Dno-wantod

(firsy (revriove




(< (read-icon-value (the form)

'nare

rwnere (ligu
'xmax #'(lamobda
‘zmax #'(lambda

nil))

twidthn))
tdepthn)))

(x)
(z}

(> x
(> 2z

s gy
suniau

334

ge-vali.o (get-icon~-instance (the form) ‘machine) :ipput-va.ue mac -
}
taef ine-part-meched (coclon-cancel-feature setup-face) (&rest junx-lcon-azgsi
(qeciare (lgnoere junk-lcon-args))
(ceoion-restore-feature (the))
}
(colen-exit-feature setup-face) (&rest junk- uon-a:
junk-lcecn-args))
d2-features))
{x (vro macnine (frem it)) Imacnine)
)
,
; cncice)
( : '{("suggested machine list" :val.c -
("capaole machine _ist™ :vaiue < - !
"VNachine List olice"™))
( [ G CREE B noloe 'saugesteg-machine~l1st) (colon-suguoest =l i
[ LTTe SSLUBarL) )
flexyia. whce 'cagable-nacnine-List) (colen-capaole-mace O {hne -

5 (Sfaux tnhis-face)
{sciect-a-setup))
st current-subpart)

is-face)

ce

sange el this-face)

Cart

cd
th

{co.on-m

)

View Operations

'"WIEW-0P23
(cencat

WS Dame

e
WSIiiiLe

ourpaln

0

‘wsiiqgrid-size {ccns
ATIONS
FRESH
CPERATIONS
{copy -t

rec !

NIl
NI

AL G0 ~string "Mowse-loft g Mouse=Riagnu: e
e =Ml e Refrosn Form, v
2ot FUTOR=- 1 CON

s LD MEROTAG LS an O grrdy - AN (. "

834

-WinTH

R=HELGHT 219
"Manlfaciuring Operations®

Cores e ooy ooy s
WS TIQalnna

"man-view-usos.
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))

‘
39 1

(CUOTE (16 21 850 21 85C 24C 16 24C 1¢ 2
' .-BORDER-POINTS (QUOTE (17 22 849 22 849 239 ./ 2
QUOTE MANUFACTURING)

PLE-CHOICE-ICCN

[-CHOICE (QUOTE Centinue)

"Operation Changes*

MOUSE-DOCUMENTATION-STRING "Rearrange operations in a sotup"
NAME ‘ops-change

TOP 275

LEFT 10

WIDTH 175

HEIGHT 30

icons ' (('BOX-CHECK-ICON

CHECKED-DRAW-METHOD (QUOTE CHECKED?-CIRCLE-DRANW)
LEFT-ACTION (QUOTE TOGGLE-MULTIPLE-CHOIC
FENTATION-STRING "Click to maxko ‘
em

CARND "Delote An Queratiocr

24

tere-cperation

WIDTH 173)

('BOX-CHECK-ICON

CHECKED-DRAW-METHOD (QUOTE CHECKED?-CIRILE-DRAR)
LEFT-ACTION (QUOTE TOGGLE-MULTIPLE-CHOICE
MOUSE-DCCUMENTATION-STRING "Clicx ¢ maxe ' nla

LAREL "Reorder Operaliocns"
: : 24

LABEL-
NAME 'reorder-uperalions

TOP 300

LERT 185

WIDTH 175)

('BOX-CHECK-ICON

CHECKED-DRAW-METHOD (QUOTE CHECKED?-CIRCLE-DKRAW)
LEFT-ACTION (QUOTE TOGGLE-MULTIPLE-CHOICE)

Ty -
IR OI )

MCUSE-DOCUMENTATION-STRING "Ciick to make this whe so.ot

anoice"

Snelice

LARBEL "Change Tool
DAHEL-LERT S

LANEL-TOR S

wWoLTH 0D

('BOX-CHEUK-1CON

CHECKED=-DRAW-METHOD (QUOTH CHECKED?-CTIRCLE
-ACTICN (QUOTE TOGGLE-MULTIPLE-CHCICH)
MOUSE-DOCUMENTATION-STRING "Click to maxe Lnis i

LEY

LABEL "Chonge teed”

LABREL-TEET Z4

LABEL-TOP 3=
NAME 'epange-fcea

3
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('BOX~-CHECK~ICCN

CHECKED-DCRAW-METHOD
LEFT-ACTION (QUOTE TOGGLE-MUL
MOUSE-DOCUMENTATION-STRING "C

neomultiole choice"
LABEL "Change Speed"
LABEL=-LHET 24
LABEL-TOP 3
NAME 'cnange-sweed
TGP 3CC
LEFT 615
WIDITH 14C
('BOX-CHECK-ICCN
checked? t
CRECKED-DRAW-Mr THCD (QUCTE CHECKEZD?-
LEFT-ACTION (QUOTE TOGGLE-MULTIPLE-CH
MOUSE-DOCUMENTATION~-STRING "Click to make wois
Q omu tole cnoice®
LABEL "Ccntinue"
LABEL-LEFT 24
LABEL-TOP 5
taent lnue
o
ST
108y
)
)
srrscrollbar-info (copy-tree 'NIL))

QLEIAL LOnNS-oneck

(setup-

1

face answer)
secrder-cgerations)
‘delete-operation)

o {lecualu answor (recrac

selLLo=larel
{ ‘change-tocel) (change-tcol sctup-face))
t TSwWOT inge-speea) {(change-speca s-face))
{ arnwer ! ge-feed) (change-teead setup-face))
{ woer ‘continue))
( nuwoer nliy)
s-message “Sorry, chacose cne ¢f the o e
Pt - entinue)) nil)
i
]
(operations-printout setup-face) (print-lisiu)
o -coeration nlil)
)
: [ (caar (uLhe cperations-sequoencoe-iist))))
[BE 3t (Lhe cperaticns-sequence-list) orintout?)
(ne correci-operation (get-correcl-operaticn (car 11 T
(1f (null (nth & correct-operation))
(senf correct-operation (substitone O {nun o oo =
. =T )
taset? printout?
(append printeut2 (11 st~
. , e, 3,260,280, 48
ERe! to~lod i |

(QUOTE CHECKED?-C
~-CH

r-operavicng

(delete-cueration
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