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KNOWLEDGE MANAGEMENT BASED PROCESS PLANNING SYSTEM

Process planning knowledge (PPK) is one of the nmogiortant knowledge in production manufacturing
enterprise. The traditional method of organizingtadanto knowledge relies on manual analysis and
interpretation. This paper analyzes the sourcecantposing of process planning knowledge and sfadt® on
process planning discovery in production manufaetuenterprise. On the basis of the applicatiosahputer
aided process planning (CAPP) system in mechanmiealufacturing enterprise, the concept of procemsnihg
information model (PPIM) is proposed based on mecelanning databases. This paper provides a CAPP
database developed in own research, clarifying R& and PPIM in CAPP database are related bothdb e
other and to related fields, the technology datalmgprocess planning knowledge discovery is matibkesed

on object-oriented model-driven technology, andpieecess planning knowledge discovery script isgiesl.

1. INTRODUCTION

With the development of knowledge economic, knowkdesource becomes the most
important resource in mechanical manufacturingrente. The competition superiority of
enterprises comes from the effectively developmanti management on knowledge
resource. Nowadays, with the rapid application megorise information software [1,14],
the location of knowledge resource is changing fremployee’'s brain and papery
document to digital databases in mechanical matwiag enterprise. These databases are
the foundation and sources of knowledge managentémit to change these data into
knowledge is the work of knowledge discovery. Knegide management in mechanical
manufacturing enterprise can be divided into thpeets; they are creating knowledge,
finding knowledge and spreading knowledge. Figureshbws the aim of knowledge
management.

Data mining is a recent popular theme in reflectimg effort of knowledge discovery
from data. It provides the techniques that allownaggers to obtain managerial information
from their legacy systems. Data mining is made iptss$y the very presence of the large
databases.
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While knowledge discovery often refers to the pssceof discovering useful
knowledge from data, data mining focuses on thdiaimn of algorithms for extracting
patterns from data. Knowledge discovery seeksni fliatterns in data and to infer rules that
common queries do not reached effectively.
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Fig. 1. From data management to knowledge managemen

Process planning knowledge (PPK) is one of thetmmmportant knowledge in
mechanical manufacturing enterprise. It includesinfttation data, process planning
specification, experience of expert etc. for pregalanning. For the complexity of PPK, the
PPK acquisition in process planning instances opepa documents needs human
knowledge engineers to accomplish. With the inddegpplication of Computer Aided
Process Planning (CAPP) system, digital processnplg data is accumulated rapidly in
databases. How to accomplish knowledge discoveryteghnique, experience, data,
principle, and specification in industry practicashbeen the key problem in mechanical
manufacturing enterprise.

How to discover new knowledge and enrich proceasrphg knowledge base (PPKB)
based on the accumulated product process planratgbase (PPDB) is concerned by
engineers significantly. It is a new technologyitais called process planning knowledge
discovery (PPKD). Nowadays, knowledge discovenhmetogy has been widely used in
finance industry, communication industry, retaildusstry etc., but for mechanical
manufacturing industry, especially on process plamrknowledge discovery in CAPP
application system, it has less report and research

In fact, process planning discovery technology cevbe theoretical issues related to
data mining, learning-by-examples, knowledge actijoins knowledge discovery, database,
and information mapping. The PPKD is certainly famt humans entirely; actually, most
analysis work needs to be automated [2]. A goaP®BKD is to build a foundation for the
application of knowledge discovery based on CAPRimese from an interdisciplinary
perspective including artificial intelligence, datse, software technology, statistics and
management. Recent research achievement in exysdns (ES), artificial intelligence
(Al), knowledge management (KM), data mining (DMatabase (DB) etc. have established
abundant foundation for PPKD.
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2. MANUFACTURING SYSTEM ACTIVITIES

The product development and manufacture involveersé production management
activities with a series of individual tasks tha¢ # be completed in order to design and
manufacture a product of a required quality. Thas&s are usually carried out in a linear
sequence, but very often the feedback is necefsamnythe subsequent task to the previous
one. Many of these feedback loops are requestsottifynthe previous task’s solution in
order to generate a better solution in the subsegomee. This interlinking is what has
become known as concurrent or simultaneous engigger

2.1. MANUFACTURING ACTIVITIES MODEL

Product development cycle may be seen as a sehsweas to a series of simple
guestions [3,4]: Why to produce? What to produceWwHhbo produce? Where to produce?
Who to produce? When to produce? The answers sktljeestions will identify what
functions a necessary in the cycle from develogngdea to the realization of the final
product. Answers to these questions may be givercdnnecting them with particular
manufacturing functions: marketing function, designction, process planning function,
resource planning function, production control fumet (shown of Fig. 2). The product
development cycle is not a linear path without ablets. Usually, the product development
follows some zigzag pattern between functions itgquent needs to feedback information
from a function to previous one. There are numerfmesiback loops and overlapping
between functions. Therefore, there are processnpig tasks that can not easily be
classified into particular functions and these salad toward integration between these
functions.
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Fig. 2. Basic product development cycle plannimgfions

Starting from analyzing set of tasks of processwpileg and other activities, it is

possible to develop the model that shows interastizetween process planning and them.
The model of these interactions is shown in Fig.wBere each activity represents with
circle, consists a set of tasks that are to be dotlee product development.
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Fig. 3. Product development tasks

All of these activities are identified in manufaghg planning literature as activities
required during the product development and manurfacThe classification shown in the
Figure 3 represents a starting point for the uséhisf method in each individual factory.
There are numerous tasks that require interachehseen two or more activities. They are
shown within overlapping circles of activities amgbresent integration links.

2.2. PROCESS PLANNING KNOWLEDGE

Knowledge discovery in database have been attgactan significant amount
of research, industry attention in recent yearsc&3s planning knowledge (PPK) is one
of the most important knowledge in mechanical maatufring enterprise. The traditional
method of turning data into knowledge relies on vamnalysis and interpretation. On the
basis of the widely application of computer aidadcess planning (CAPP) system in
mechanical manufacturing enterprise [13], the cphad process planning knowledge
discovery (PPKD) is proposed based on process pplgmiatabases.

Planning of manufacturing processes provides tiledetween design and production.
Its task is to determine a plan of discrete martufawg operations that, when executed in
an actual production environment, will produce tpart as required by its design
description. Computer-Aided Process Planning (CARRY result in better designs, lower
production costs, larger flexibility, improved gitgland higher productivity and they are
develop by the application of artificial intelliges (Al) methods and tools [12]. The reasons
of this are two:

 CAPP is a complex problem that includes part amglylection of operations and
resources, operation sequencing, setup planningturdéi design, and the
determination of process parameters. The domaiwlaalge of a process planner has
to cover geometry and tolerances, material prag®rtinanufacturing processes and
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tools, fixtures, as well as machine tools. Besigeserating executable plans, the
optimal allocation of resources is the main conadrplanning.

» General-purpose Al planning systems provided ate@rogic-based representation
formalisms and more and more efficient solution hods. However, the restricted
representation formalisms did not allow to captate of the relevant domain
knowledge and to define planning strategies. Seleeuld not handle optimization
objectives and support mixed-initiative, interaetiproblem solving. Hence, they
could not fit the real-world problems like the CAp@blem.

2.3. THE CAPP PROBLEM

The problem of CAPP in the domain of manufactuiag be stated as follows: given
(1) the descriptions of the blank part and of th@shed part (in terms of geometry,
dimensions, tolerances, material, and quantity), tf& available production resources
(machine tools, fixtures and tools), (3) the tedbgmal knowledge and (4) some
optimization objective, find an executable and ettbs-optimal plan [5,6].

There are two main approaches to process planthiagiariant and the generative one.
Variant methods are based on the retrieval andrttamual) adaptation of previous plans;
they can be supported by database retrieval, ance@ntly, by case-based reasoning.
Generative planners synthesize process plans. &lmegst unanimously depart from the
geometrical CAD model of the part and work with atggtions enhanced by manufacturing
features. Features (like e.g. holes, slots, pock#ts) tie together frequently occurring sub-
problems with their corresponding solution patterns., geometry and tolerances with
particular production methods and resources [6htlfes realize micro-worlds with both
design and manufacturing related information Festalecompose the problem and make it
to efficient and automated problem solving. Feaurer rather the operations that produce
them - often interact, hence the selection and mgrgf the appropriate plan fragments is
not that straight forward. Further on, planning hasaccount for global technological
requirements and overall optimization objectivesval.

The process plan describes how to produce thebgarsing the available resources.
It specifies the operations and their resourceddgtdixtures and machines), the sequence of
operations and the groups of operations - so-cakdps - that will be performed together,
by using some common resource(s). Every setup degith mounting the part to the
machine tool. The orientation of the part on thecimmae tool determines which operations
can be executed. For some operations the orientatithe part must be changed.

The planning process can be usually considerelgedsiérarchy of:

1) Setup planning: The determination and sequencingseaitips and the selection
of machine tools.

2) Operation sequencing: The determination and sedqugnof operations and the
selection of tools.

3) Operation planning: Determination of the machinpayameters (cutting speed, feed
rate etc.) and the trajectories of the tools.
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There are many commercial tools to aid the lasgt.dtlowever, the first two steps are
very hard because the knowledge provided by theeréxgs usually fragmentary and
inconsistent. In computer aided systems such adictrans must be solved by the human
experts. Nowadays the manufacturing process is nooréess automatic, but process
planning still requires much work of qualified pemgel. Process planning is the
“bottleneck” of the production [7].

3. PROCESS PLANNING KNOWLEDGE MANAGEMENT IN MECHANIAL
MANUFACTURING ENTERPRISE

3.1. ANALYSIS OF PROCESS PLANNING KNOWLEDGE IN MEGYNICAL MANUFACTURING
ENTERPRISE

Process planning knowledge in production manufagu enterprise includes
foundation data, process planning specificatiord experience of expert etc. for process
planning. All types of PPK are synthetically usednegrally, for example, selecting
manufacturing method, designing fixture, arrangiogte etc. In commonly, PPK can be
divided into four types.

(1) Handbook knowledgelt includes data and knowledge in handbook andneeging
standard for process planning, for example, tolamaterial, cutting feed and process
planning specification etc.

(2) Manufacturing resource knowledgét implies data and knowledge that has close
relation with manufacturing environment, such asciae, cutter, fixture and process
planning database etc.

(3) Decision-making knowledgé is compose of experiential rule, procedureoathm and
control knowledge for process planning that commaxiists in engineering expert’s brain.
(4) Model knowledge:lt includes process planning data model and psogdanning
knowledge model, for instance, product, part, psecplanning, operation, step, fixture,
machine etc.

The traditional method of turning data into knogige relies on manual analysis and
interpretation. PPKD is the process of mining aodnialization domain process planning
knowledge in manufacturing enterprise. Nowadays, rtfain method of PPKD is done by
human knowledge engineers assisted by domain expent literature, document,
handbook, process planning file etc. in papery rmfition source. For example, in
mechanical manufacturing enterprise, it is common dxperts to periodically analyze
current trends and documents in enterprise, ana guarterly or yearly basis. The experts
can provide an outline document of the analysitheoengineering department; the effect
of this document for decision-making and plannimgnew product is rather limited [8]. In
addition, this form of manual probing of informatiset is slow, expensive, and highly
subjective, and depends on domain experts grdatlfact, as information volumes grow
dramatically, this type of manual information arsadyis becoming completely impractical
in engineering work, and these problems resulhépoor implementation of PPKD.
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In fact, with the application of CAPP system inrmuagacturing enterprises, process

planning knowledge is implicated in digital procgdanning databases. It becomes a main
PPK source in manufacturing enterprise. Based @mesentation of process planning
knowledge model, technology and method, discovekngwledge from digital process
planning databases can be an effective methodve e PPKD.
The PPKD refers to the overall process of disconetiseful process planning knowledge
from CAPP database, and process planning data gnisia particular step in this process.
The whole steps in the PPKD include, such as datgapation, data selection, data
cleaning, incorporation of appropriate prior knodge, and proper interpretation of the
results of mining, are essential to ensure thatubgémowledge is derived from the CAPP
database.

3.2. MECHANICAL MANUFACTURING ENTERPRISE PROCESS BRNNING INFORMATION MODEL

In order to represent the commonness of PPK irmar@cal manufacturing enterprise,
process planning information model (PPIM) is fouwhdeased on the overall analysis
of process planning information in mechanical maotiring enterprise. PPIM is the
foundation of PPKB and PPDB. PPKD is founded on dhealysis of PPKB and PPDB
based on PPIM in CAPP system. PPIM includes ald&mentals process planning object
(product, part, process planning, manufacturingusse, route etc.). PPIM establishes the
protocol on PPKD in CAPP system database by thedatd description of concept, item
and model for the sharing on PPK. Fig. 4 showsdtetion of PPKB and PPDB based on
PPIM.
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Fig. 4. Process planning database and knowledgetzsed on PPIM

4. PROCESS PLANNING INFORMATION MODEL-DRIVEN ARCHHECTURE IN
CAPP DATABASE

The realization of CAPP development platform design object-oriented
information model-driven is the guarantee to thentemance, expansion of CAPP system.
CAPP system can run in uniform information modelcan realize the dynamic change
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of system data structure and data flow by the charignformation model for adapting to
the change in manufacturing enterprise. The inftonamodel of CAPP development
platform uses object-oriented technology as maatelinethod. Object-oriented method is
a way that uses object, class, instance, etc. ptside describe software system, it's
a fundamental method to understand research domamatural way, the definition and
identification of information model entities arehaman’s impersonality thinking way. The
knowledge base in CAPP development platform cagivaded into two levels.

1) Special information model for a manufacturingeeprise: It includes product
information model, part information model, procegdanning information model,
manufacturing resource information model, manufaatu information model, process
planning decision information model, process canflormation model, process file
information model, work flow information model, @gization information model, user
information model, and function configuration infation model.

2) Based on the information model-driven mechanismCAPP development
platform, the object instance and method are usgutacess planning knowledge base to
describe process knowledge, such as typical protgssal operation etc. The knowledge
in process planning knowledge base can substitateldook and can retrieve process
instance to improve the design efficiency. In theimation model-driven CAPP system,
process knowledge and data is stored in the forrabgdct instance in process planning
knowledge base and process planning data baseARi Gystem, exact and entire process
planning knowledge base model is the basis andatdot PP knowledge management. In
addition, with the improving on process planningeleand the change on manufacturing
environment, the process planning knowledge basiehrmeed to be changed constantly.

4.1. THE OBJECT-ORIENTED INFORMATION MODEL DESCRIRIN IN PROCESS PLANNING
KNOWLEDGE BASE

Using the object-oriented modelling tool, the ms® planning knowledge base
(PPKB) model is founded in the development of CARRRelopment platform. It is the basis
on the realization of information model-driven magtsm in CAPP system. The CAPP
application information model can be denoted offiedtint views based on PPKB model,
such as organization view, personnel view, workflaew, document view and data view.
In CAPP system, the PPKB model is analyzed andropstid by different views to realize
system development.

In CAPP development platform based on informatioodel-driven, object-oriented
method is adopted to describe the relation and pogation of entities structure and object
in CAPP system [9]. Object class is the basis oscrging process information and
knowledge. Object instance represents the actual dbject method and rule describes
process planning decision-making knowledge andesystonfiguration. In the follow part
of the paper, it is described the object orientedieh developed in our research [10,11] for
development of CAPP platform based on the PPKB.
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5. PROCESS PLANNING KNOWLEDGE BASED SYSTEM

The process planning with several incorporatedgutares described in this paper is
part of a largest CAPP knowledge based decisiotesydor process planning, called
OPTICAPP (Optimized Computer Aided Process Planni®p the general layout of which
is shown in Fig. 5.

The OPTICAPP system is implemented under the Maftowindows environment
using the object-oriented programming with C++ papg language. This system is
structured with two basic program’s module. Usintheory of graphs, mathematical logic
and semantics, production rules and procedurededneed. Their structure is based on the
interaction between technological orders of the mmang (construction of workpiece,
ordering of machining operations - mulltipass matigy operations where one pass
presented the sub-operation (rough or finish pasene cutting tool pass), priorities of the
cutting operations, selection of tools, generatimn optimal cutting data etc.). The
optimization is made by a set of technological ¢é@msts, which include tool life, surface
finish, machine power and available spindle spesdisfeeds.

5.1. MODULE OF PARAMETRIC MODELLING

The first module is computer aided designer, na@B&PH (Graphic Modeller). This
module is used for work-parts modelling, basedeattdires geometry recognition generated
interactively by the operator, using a simple it@sed interface. The GRAPH modeller is
based of a parametric method of modelling usingetiged icon based interface, where
each icon represent one feature as an elementark-paot geometrical form. It is
geometrical defined more than thirty different teas, described with specific geometrical
parameters (attributes). During modelling of onekaart it is necessary to selecting and
definition of several features in according to t@nstruction model of the work-part.
During definition of geometrical parameters for legelected feature, this program module
needs from user to define the technological pararsgetais a work-part material, surface
roughness and tolerances.

This module is based of the object-oriented oabimeveloped mathematical
methodology for modelling of mechanical part asoaplex structure of features based
of theory of graph, mathematical logic and semantithe main characteristic of this
module is the fact that, as an output, a dynamidehof the mechanical part is generated.
The GRAPH modeller, for each modelled part, developginal dynamic database as a
Double Linked List (DLL), core of the algorithm, lder of all geometrical and
technological data for part. Dynamic database seteon the oriented multy-graphs and
data linking with pointers in DLL (Fig. 6).



116 Valentina GECEVSKA, Franc CUS
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Fig. 5. Overall layout of OPTICAPP
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Fig. 6. Double Linked List (DLL) with graphical mentation of pointers (next and prior)

It is database for sorting and storing data fardeiled mechanical part. Sorting
of data in dynamic database is with network of Eraotd pointers (Fig. 7), holder of data for
all features in part’'s model.
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The main advantage of this parametric modellingeagesign module is possibility
for dynamical change of the created work-part medtiin the selected features. Software
inter-communication is based of the complex pardehgDLL with annexed oriented

vectors) and many algorithms and procedures, agrigim for search, algorithm for
subordination etc.

5.2. MODULE FOR GENERATING PROCESS PLAN NETWORK

The second module, it is generated process mamonk for machining of modelled
work-part by using the GRAPH modeller, module of TOPAPP system. This module is
named CAP-Plan (Computer Aided Process Plan). im rsearch, it is programming
object-oriented algorithm using C++, based on aegaive method with intelligent
approach, as an expert system shell. This algor@dbnstitutes mathematical methodology

with many developed rules and procedures for mdgelbf process planning. This
algorithm can perform the following functions:

» Creating technological knowledge database for nedemechanical part
using the data from designer module,

» Presenting the technological knowledge with createlés for decision
making,

» Algorithm for modelling process plan network foloduction with selection
and succession on the operations and sub-operations

* Modelling of each operation with order of sub-opemm and optimized
cutting parameters for each sub-operation,

» Select of cutting tools and machines for comples@uhacturing process,
» Output presentation of generated process plan metwo



118 Valentina GECEVSKA, Franc CUS

5.2.1. CHARACTERISTICS OF THE OBJECT-ORIENTED MODBNG OF PROCESS PLANNING

Decision for created a module for object-orientaddelling of process planning
approach for automatic ordering of operations angaperation in machining process, it is
based of the following reasons: generative approachodelling as a method for individual
design and modelling, recognition and process [ptenfor each created mechanical part,
open possibility for connection and integrationdefveloped system in complex integrated
CAD/CAPP/CAM system.

The module for process planning CAP-Plan, astgjpuses:

* The dynamical database oriented model of the mécdlgpart generated in graphic
modeller-GRAPH.

* The technological database of the model, carriea ¢échnological knowledge for
modelled part necessary for process planning /rgéeein this program’s module in
the research/.

5.2.2. TECHNOLOGICAL KNOWLEDGE DATABASE

Technological knowledge, as a basic for proceasmhg, is composed of data and
information, which is spectrum of know-how (Figu&. Generally, the technological
knowledge can be to divide on:

= Basic technological knowledge
» Experienced technological knowledge

Structure of DLL for modelled workpiece {(L,qp)l 7(LI), (LII), (L|), (Ld)}

Lif(cilin), (cilin), (konus)} Lii {(zlebkiin))

ciIir: {ident, tip, (atrubutes), (parameters)} Zlebkiin {ident, tip, leve}!, (parameters)}
. (para:1eters): a1 parameté's: Izleb, dlabz, sirzleb, ...
(atrubutes): Nkval, nad, vnat,...

Lop

»
>

. v
LI ’i Li o _Ld,
A——2—3—6)—G6
VnatCil  Cilin  Cilin Konus Vnatcil Vnatcil

Fig. 8. Logical structure of technological knowleddatabase

Basic technological knowledge is accumulated terditure and technological atlas
books, as a principle on tabular or described form.

Experienced knowledge in the literature is knowrikmow-how”. This knowledge is
composed with experience and it is accumulatechbyengineers during the years, but it's
almost un-possible to attend this methodology ideorto be formalise concrete and in
whole.
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5.2.3. MATHEMATICAL METHODOLOGY FOR TECHNOLOGICAL PAN DESIGN

Mathematical methodology for process planning desleloping of technological
plan is made with many algorithms and productionies. The most suitable form for
presentation of the technological knowledge is fimen of modular production’s rules,
where each rule determines environs technologteé¢ment and it is free from other rule.
Technological knowledge has been structured wighhiglp of four types of the production’s
rules.

With object-oriented programming in the module foocess planning, there are
created following algorithms, which comprise lofiic decision for each component of the
process planning:

» The algorithm for define dimension on starting wpskt,

» The algorithm for design the form and the successfdhe technological operation,

» The algorithm for modelling the actions into eagemtion (multi-pass operation),

» The algorithm for modelling the optimizing trajentoof cutting tool movement
between the position points of machining.

» The algorithm for evaluation of justification forachining with one tool in all
positions where it is predicted, or changing tootértain position.

In the research, proposed OPTICAPP system, neanmain modules for modeling
and process planning consist sub-module for opétidm of cutting parameters for each
machining operation and action, designed in propémsning. It is developed as a multi-
objective programming mathematical model whereoftamal solution is obtained by using
a deterministic method and a genetic algorithm,cadlesd in [8]. The cutting data
optimization criterion is selected from minimum rhagng time or cost, maximum
production rate.

6. CONCLUSION

Process planning knowledge discovery and manageiméhe important foundation
work of mechanical manufacturing enterprise. ltoise of the most difficult works in
knowledge management for mechanical manufacturmgrerise. It includes concepts,
terms, typical operation, typical step, typical gges and manufacturing resource etc.
Process planning discovery and management can exa@ubcess implementation by the
supporting of software system. By the industry pcacof using PPKD technology in CAPP
system developed based on CAPP platform, PPKD easxbcuted automatically in PPDB
and PPKB. It can help the standardization and &pation of process planning data
effectively.

In that line, this paper shows comprehensive kndgderepresentation system. This
representation includes the following approaché$:connection of feature and process
knowledge with the part geometric model; (2) obj@eented technological database for
presentation of technological knowledge and (3)egation of proposed process plans.
These new contributions provide for a new genematib CAPP systems based on PPKD
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and PPKB that can be adapted for various manufagtsystems and can be integrated with
other CIM modules.
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