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ABSTRACT

A INVESTIGATION INTO ARTIFICIAL INTELLIGENCE
BASED GENERATIVE COMPUTER PROCEE&S PLANNING

by
William Tereshkovich

The process planning function can be further optimized
with the introduction of an intelligent software package
such as an Artificial Intelligence based Generative Computer
Process Planning System. An AI based CAPP system, also
categorized as an expert system, provides the wvital 1ink
between design and manufacture, a "bridge" of knowledge 1in
the information chain of manufacturing engineering. With the
increasing role of computers in the process planning
function, planning has become easier, faster, and more
efficient.

This thesis provides an explanation of the process
planning function and how artificial intelligence will
improve it. Topics in AI techniques and procedures,
knowledge engineering, Computer Aided Design, and Group
Technology (GT) are discussed. Utilizing the topics
presented, a complete interactive software system is
presented to illustrate the flexibility of an AI based CAPP

system.
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CHAPTER 1

THE PROCESS PLANNING FUNCTION

Oone of the most widely used manufacturing techniques 1in
industry today 1s process planning. The process planning
function represents the wvital 1link between design and
manufacture, a 'bridge" of knowledge 1in the information
chain of manufacturing engineering. It involves the
preparation and documentation of the minimum manufacturing
sequences to be completed by work centers, and describes
specific designs and cycle times of resource usage for a
product to be manufactured. In addition, process planning
(as with the planning of operations layouts and numerical
control systems) often utilizes detailed information for a
specific purpose. Therefore, process planning could be
described as the preparation of manufacturing instructions,
sequences, and engineering drawings required for production.

The process plan for a particular work-part 1is not
unique since there is wusually more than one way of
manufacturing it. A process plan simply details the sequence
of operations to produce a work-part. Different process
plans may also be required for different lot sizes. The
process plan usually consists of several sections. These
sections include general information, operation sequences,

and assembly instructions.



The first section contains general information that
defines the work-part, its version, and any other special
conditions relating to its production. For example,
engineering drawilings describing the work-part or the 1lot
size for which the plan was developed.

The second section of the process plan is made up of the
sequences defining the operations required for manufacture.

The final section of the process plan is only required
1f the work-part 1s to be unloaded from one machine and
loaded onto another for further processing. The third
section may also be made up of assembly instructions or
special machining instructions.

Without process planning, there can be no performance
analysis and control, no effective production scheduling,
and overall, no design for manufacture. The preparation of a
process plan 1s the translation of engineering reguirements
(contained in engineering drawings and design
specifications) into detailed technical manufacturing
requirements of material labor, design for manufacture, and
equipment. The process plan carries information that is
traditionally recorded and distributed to other activities
within an organization using laborious technical and
clerical techniques. These laborious and time consuming
techniques are usually applied by professional process
planners within an organization. Upon the use of process
plans, receiving departments have to manipulate the data as

input into their own systems, thus the process planning



function requires highly skilled planners and a large amount
of costly time.

Automating the process planning function 1is an obvious
alternative to alleviate the amount of time and experience

it requires.

1.1 Traditional/Manual Process Planning
Traditionally, the ©process planning function has been
carried out by specialized technicians with exceptional
knowledge 1in manufacturing technigues, machine design
capability, company machinery and equipment, and level of
plant skills among workers. Manual process planning involves
the visualization and analysis of production sequences and
alternative operations. Clerical techniques such as drafting
and calculation also play an important role. To be
effective, process planners must utilize various types of
aids to achieve the lowest unit cost consistent with all
engineering requirements. Personally acquired manufacturing
logic must be applied manually when data is received from
all engineering specifications. This is usually dependent
upon the process planners ability to recall past experiences
and current planning techniques to apply knowledge
efficiently and effectively.

Standard data 1s applied Dby process planners to
describe cost comparison of alternative methods and
operations to arrive at target manufacturing deadlines. The

standards may be information relating to estimates based on



past data through to complex manufacturing standards for
both design and processes.

With manual process planning, the process planner 1is
faced with considerable decision making, data retrieval, and
calculation during the planning cycle. Valuable time is
wasted due to laborious standard clerical techniques. Costly
errors can also occur when design data 1s 1interpreted
incorrectly.

Manual process planning involves a time consuming
routine in document preparation. A process planner must
first study and evaluate the overall geometry of a work-
part. This information will be utilized to classify the part
in order to determine the proper production sequence. The
planner must then study the engineering drawing to identify
all the production features. The production features will be
used to determine the best raw material shape. Finally, the
planner must be able to identify the datum surfaces, off the
engineering drawing, and use the information to determine
setups. With this data collected, the planners sequence
could be to:

¢« Determine the work-centers to be used in a particular
operation.

e Determine a rough sequence of operations for production.

e Determine 1if any modification is to be made with the
operations sequence.

¢ Select tooling.

L

Select fixtures, jigs, etc.



« Determine the cutting parameters for each operation.

e Provide a process plan 1in finished form.
The time spent during the process planning cycle can be
proken down into percentages. The percentages illustrate the
time a standard set of plans may take by an experlenced
planner. The percentage of time to prepare a set of process
plans 1is:

o Fifteen percent for technical decision making and
planning strategy.

e Forty percent for data retrieval and calculation.

o Forty-five percent for text and other document
preparation. This constitutes engineering drawing, bill
of materials, production planning, etc.

These  percentages are typical across all types of
engineering organizations, from batch production to high
production volunme. The percentages also 1indicate that
traditional process planners are continually attempting to
create and update manufacturing information. Although a
planner may be able to make quick decisions, data retrieval,
document preparation, and calculation, manual process
planning is time consuming and is usually prone to error.
This presents the planner with considerable communication

problems within the organization.

1.1.1 Disadvantages of Manual Process Planning
Most of the disadvantages stemming from the traditional

approach are caused primarily from the very high dependence



upon technical and clerical activities. The activities
include both preparation of the process plans to planning
the engineers need to interact with related activities. This
is compounded by the lack of communication between planning
departments. More specifically, the main disadvantages of
manual process planning include:

o« Manufacturing logic is individual - meaning it usually
resides 1n the process planners mind. This has a
percentage of error.

» The individual process logic has to be recalled and re-
processed for every plan. This becomes a laborious and
time consuming process that is often relied on by
guess-work.

¢ The process plan results are usually incomplete and
inconsistent, resulting in a high margin of error.

e There is a extension of pre-production leads times due
to data retrieval and update.

e The estimation for new products or processes are suspect
until proven correct.

e Manufacturing skills are locked in clerical planning
routines rather than used on methods of improvement and
cost reduction programs.

e Supervision and other operatives have little respect for
the targets set by the process plans due to
inconsistency and inaccuracy.

¢ The process planning information is often out of date.

The entire planning cycle is subject to frequent



information updates such as engineering changes to

product design, alternative materials and processes,

improved manufacturing processes, and changes to
gquantities.

With manual process planning, there 1s a present
structure that can only operate with highly skilled planners
which have superior skills as an operator and a "up to date"
knowledge of manufacturing design and processes.

The efficient and effective way to process the design
and planning activities 1is through automation. Using an
artificial intelligence (AI) based expert system, planning
activities will become more accurate and timely. Engineering
data can be quickly retrieved and updated. Data storage will

become easier and communication will be optimized.

1.2 Automated Process Planning
Automated process planning can be broadly categorized as
being variant or generative. These two approaches are used
for the design of expert systems and utilize computer
processing abilities. The generic term, computer assisted
process planning (CAPP), is also used to describe automated
process planning. Automated process planning systems do not
require the planner to have expert knowledge of
manufacturing design and processes. CAPP systems use pre-
programmed engineering knowledge, utilizing artificial

intelligence, to automatically generate accurate and



effective process plans from the preliminary data that 1is

given.

1.2.1 Variant Computer Process Planning
A variant process planning system could be referred to as a
data retrieval system. With this approach, a set of standard
plans is established and maintained for a particular work-
piece. Expert knowledge is pre-programmed 1into a computer
system using a database to store all information. The
information may be retrieved and updated to accommodate
design changes, manufacturing changes, or new developments
in technology, (See figure 1 on page 9). Retrieval of
information is maintained using a classification and coding
scheme as used 1n group technology (GT). The general
specifications for data modification and retrieval are:

e Establishment of a coding scheme using group

technology concepts.

®

The formation of part families using group

technology concepts.

[

The development of standard process plans.
Process plans are generally designed to a
specific operation.

The retrieval and modification of standard

L3

process plans for new work-parts.
In order to utilize these specifications, some basic
functional modules are required in the development of a

variant CAPP system.
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Figure 1. Variant Process Planning
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1.2.1.1 Establishment of a Coding Scheme

A major step 1in developing a variant CAPP system 1is to
select and establish a coding scheme. The selection relies
heavily on the product that the company manufactures. The

coding scheme could either be unique or general.

1.2.1.2 Search Procedure for Variant Systems

The main function of a variant CAPP system 1s to retrieve
process plans for similar components to Dbe put into
production. In doing this, a search procedure must take
place where parts can be identified 1in relation to a
particular family. When the part family 1is located, the
process plan can be easily retrieved.

A family matrix search may be used to match entered code
with information in the systems database. Family matrices
are also Kknown as masks. When the entered code passes
through a mask, a particular family is identified. A search
procedure as described by Chang, Tien-Chen, Wysk, A. Richard
and Hsu-Pin Wang, for variant systems can be evaluated as
the following:

¢ Let Cy be a value of code position j for the given
component.

« PLl,, is a pointer for family matrix 1, which links to the
next family matrix.

. Pls is a pointer for family matrix 1, which links to the
directory of the standard plan.

° Plij 1s the content of family matrix 1; when it equals
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one, code position j is allowed to have the value 1.
Wwith having all the variables defined, standard process
plans may be located using the following algorithm.

Step 1. For all, do step 2. End stop.

Step 2. For j = 1 to J, do step 3; end, goto step 5.

]

Step 3. 1 Cyi if Plij <> 0, end step; otherwise,

Step 4. 1 = Pln; goto step 2.

Step 5. Standard process plan found: Pls 1s the
pointer to the standard process plan. End
search process.

Another way to perform a matrix search, let C*J] equal a
range of values instead of Jjust a single value. The

algorithm above can then be changed in step 3. Step 3 will

look like this:

EZfﬂy¢o , end step; otherwise, next j.

1.2.1.3 The Formation of Part Families

Collecting similar parts by geometry, surface features, or
fabrication process similarities is the backbone of variant
process planning. This insures the proper formation of a
part family. Since all similar parts are assigned to a
specific part family, a database may be used to store all
necessary information by utilizing a random access data
structure, thus creating a variant system for retrieving
data for a process plan.

General Methods for forming part families include:
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e Production flow analysis.
e Cluster analysis.

¢« Machine loading analysis.

1.2.1.4 Development of Standard Plans
A standard plan in a part family is a collection of common
operations used to fabricate work-parts belonging to a
particular part family. The capabilities of generating,
retrieving, and updating standard plans are the basic
requirements of a variant CAPP systemn.

In order to make a variant CAPP system functional, part
data for a standard plan should be retrievable 1in several
ways. These include:

» The part data may be retrieved using part codes and
specifications, part numbers, and part family numbers.

e A cross reference module used to obtain members in
tabular format.

¢ A relational database structure.

1.2.1.5 Retrieval and Modification

Since variant process planning is primarily a
retrieval/update method, there 1is the need to design a
procedure through which the system planner can retrieve
fixed data and modify it for a standard work-part. This type

of design should be informative, useful, and user-friendly.
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1.2.2 Generative Computer Process Planning

Generative computer process planning is a system designed to
automatically synthesize process information to create
design specifications and process plans for a new component.
Decision logic and optimizaticn are encoded into the system
to create a type of artificial intelligence. Using all data
that is entered, a generative system will produce a complete
process plan beginning with design data, in the form of an
engineering drawing, to the requirements of the
manufacturing process. A generative system also requires
detailed mathematical techniques for the combinational

programming aspects, (See figure 2 on page 14).

1.2.2.1 Part Descriptions

A central requirement for a generative CAPP system is a part
description. Geometry, dimensioning, and surface quality
requirements are to be defined by the planner. The entered
data will be stored into memory, where it will be processed

and utilized to generate useful process information.

1.2.2.2 Coding Methods

As with variant systems, some generative systems utilize
coding methods for part description. Various  group
technology concepts are used to create a database where

information can be stored and retrieved.
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Figure 2. Generative Process Planning
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