
ARTIFICIAL INTELLIGENCE APPROACH TO

INTEGRATION OF FEATURE-BASED MODELING

AND MANUFACTURING TASKS PLANNING

By

: PEIHUA GU. B. ENG., M. ENG.
•• <1'..-

A Thesis

Submitted to the School of Graduate Studies

in Partial Fulfillment of the Requirements

for the Degree

Doctor of Philosophy

McMaster University

July 1989



,": .

. ' ..
.. .

:' :' .........::'..
c· ..

'." ".

, . ~

,","

INTEGRATION OF FEATURE-BASED

MODELING AND MANUFAcruRING



DOcrOR OF PHILOSOPHY (1989)
(Mechanical Engineering)

McMASTER UNIVERSITY
Hamilton, Ontario

TITLE:

AUTHOR:

SUPERVISOR:

Artificial Intelligence Approach to
Integration of Feature-Based Modeling
and Manufacturing Tasks Planning

Peihua Gu, B. Eng. (Tianjin University)

M. Eng. (Tianjin University)

Professor H.A. EIMaraghy, Ph.D., P.Eng.

Director, Centre for Flexible Manufacturing

Research and Development

NUMBER OF PAGES: xvi,259.

ii

\ .



ABSTRACf

Two important deficiencies have been identified for the integrmion

of CAD and automated process planning. These deficiencies stem from the

lack of a uniform representation scheme of pans and products. nnd nn

effective communication for CAD and process planning. This thesis

presents a new approach and original knowledge regarding the integration

and individual aspects of feature-based design, cellular manufttcturing

planning. inspection planning and assembly sequence planning.

A high-level new language called Feature-based Design Description

Language (FOOL) has been proposed and designed with a femure

representation scheme. Its syntax. semantics and vocabulary have been

defined with consideration given to the user, the engineering temlinology I

and the computer implementation. The FODL system consists of a number

of lexical analyzers, a parser and three code generators. Once the products

or parts modeled by the FODL, or by a feature-based modeler, are

processed using the FODL system, inputs are created for manufacturing

tasks planning systems.

A feature-based modeling and manufacturing tasks planning system

has been designed and implemented, and consists of a prototype of .1

feature-based modeler, the FOOL system, a feature-based cellular

manufacturing planning system, a feature-based automated inspection task

planner. and a prototype assembly sequence planner. The prototype

feature-based modeler is used to model components using features. All

expen tolerancing consultant module has been included in the modelel' to
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assist the user. Cellular manufacturing planning deals with group form:llioll

and parts assignment to cells. A clustering-bused optimizmion upproach has

been proposed and implemented for the fomlation of mnchine cells and

part families. A feature-based assignment system hm. been developed to

integrate the feature-based design and the foroled cells. Automata <lnd

patt~rn recognition techniques. in combination with manufacturing

knowledge. are used in the system. The feature-based inspection planner

has been developed to integrate the feature-based design and n Coordinate

Measuring Machine (CMM). Original inspection strategies and knowledge

have been developed for CMM. based on the analysis of CMM

characteristics. tolerancing theories. features representation. part structure

and geometry. A knowledge-based approach has been presented to integrntc

CAD with the assembly sequence planning. A prototype of such nn

assembly sequence planner has been developed for generating the assembly

sequence for products from the design directly.
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