Journal of Machine Engineering, Vol. 11, No. 1-Q12

CAD, CAPP, design features,
object techniques

Cezary GRABOWIK

SELECTED ASPECTSOF METHODOLOGY OF A CAPP SYSTEM DESIGN

In this paper the selected aspects of the methggodd a CAPP system design are presented. The apeci
emphasis was put on problems of design featurettifidation and method of design representatiorseiaon

the carried out design features identification pescthe open structure of design features was wook.
This open structure was the base in the procestabbration of the CAD application which was though

a source of design data for a CAPP system. Moreonahe basis of the open structure of design featthe
formal FMcap model was elaborated. This formal model is used&sign representation purpose. Based on this
model the AXI-CAD application was elaborated. Therppse of this application is to model a design
of rotational products. The paper is finished vétshort example of practical application of AXI-CAlbdule

and some further direction of software development.

1. INTRODUCTION

The technological process planning is beyond arybtione of the most important
activities in a domain of the technical productmeparation [1],[2]. The main goal to reach
during this phase of the technical production pratfien is to define the whole structure
of a technological process, that is a sequenceatfnblogical cuts and operations which
have to be performed in order to transform a semstied product into a product which
performs all necessary conditions in relation tonehsional accuracy, shape accuracy,
surface quality. This manufacturing process shoalldo guarantee the minimal
manufacturing cost and the minimal labour consuomptiaking into account available
manufacturing resources [1-3]. The technologicabcpss plan structure, the number
of technological operations and cuts depend maorlya machine park installed and
available in an enterprise, knowledge, skills aadits of process engineers.

In the traditional approach the technological psscelan is designed manually by
a process engineer. Therefore it can be observiet d¢pendency between a technological
process plan structure complexity and a partiquacess engineer [1],[2].

In connection with this technological process pléms products, which are similar
from constructional technological point of view sdged by a few process engineers differ
each other. Taking into account above it seemstadressary to take actions in order to
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unified technological process plans within an gwise. The answer to this is to work out
and introduce a computer system in technologicatlyction preparation. Nowadays the
two approaches for designing and building this lohdystems are used. The first approach
relies on application of a variant method. The aratrimethod is based on the two ideas, the
idea of products classification and the group tetdgy. The variant system is built in the
two stages. The first stage is a preparatory stagdis stage the following tasks are being
done: elaboration of a method of elements clasditio, creation of products groups,
elaboration of technological process plans for gaclluct group, recording of worked out
process plans into a technological database. Td@ndestage is the operating stage in which
a code for a new product is prepared. Next, basmghe product's code the product is
classified into one of previously created produciugp and the process plan for selected
group is next chosen. The technological process islaext modified in order to adopt it to
the product design description. During the adoptprgcess some of technological
operations are modified, some are removed or addesl main disadvantage of the variant
method is that it is quite similar to manual tedogecal process planning. It means that
during preparatory stage expert's presence is wmeaueorder to prepare technological
processes plans for a particular representatiygarfuct group which are next stored in the
technological database. The second approach mliepplication of the generative method.
In the generative method the technological progdss is designed from the particular to
the general it means from particular technologicat to the whole structure of the
technological process plan. Planning of manufaetuprocess with the generative CAPP
system is based on following assumptions: the podiesign is described by means
of a finite set of design features, for each de$ggiture which has to be manufactured a set
of manufacturing variants is worked out. The setmainufacturing variants is a base for
designing a complete technological process. Thengksolution is better than the first one
because of its flexibility. For example in the et approach if a product cannot be
classified into one of the previously created gsoups not possible to prepare a process
plan. In order to make it possible the whole cyafiehe variant system creation procedure
has to be repeated. From the other side genersystems are usually built as a rightful
expert or advisory systems. In this sort of systdmsquality of generated solution depends
mainly on the quality and amount of knowledge ideld in their knowledge bases.
Moreover it is possible to make a solution evem iproduct design description does not
match well to a system domain. It means for exarti@eif the system purpose is to design
technological process plans for axisymmetric psutsh as: shafts, gear wheels, sleeves etc.
it is also possible to design some elements ofnt@dgical process plans for other group
of products: levers, frames etc. How it is work2vlirks because an expert and advisory
systems are able to make solutions even if theitaskt appropriately fitted to the system
domain. Nevertheless it is necessary to rememlagrinhthis case the solution quality can
be worst. What does it mean in the case of CAPEResy% As it was previously written in
the CAPP system the product design descriptiorpsesented by means of a set of design
features so provided it was possible to fit a desige to a particular design feature the
technological cut would be created. However duéats of proper technological process
plans synthesis rules it is not possible to pudriater the set of technological objects so it is
not possible to get a complete structure of thegss plan.
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2. METHODOLOGY OF CAPP SYSTEM DESIGN

In this section some aspects which have to be takenaccount before undertaking
actions connected with design and implementatiah@®iCAPP system will be discussed. In
author’ opinion nowadays the only right way for ARP system design is application of the
generative paradigm. Moreover this system shouldidmgned as an expert or advisory
system. In order to design and build a CAPP systeen following tasks should be
performed [1],[2]:
identification of a design feature set,
elaboration of a design representation method,
identification of a technological features,
elaboration of a technological knowledge represamtanethod,
elaboration of technological databases,
elaboration of an expert system structure.

In this paper only the first two problems it is@lplem of design features identification and
design representation method elaboration will Iseulis in details.

I I o

2.1. IDENTIFICATION OF A DESIGN FEATURE SET

The design feature set identification process Isegwth a design analysis of the
selected product range set. In the presented waHogs attention was focused mainly on
the group of axisymmetric parts such as: shafégvas, gear wheels and discs. This choice
was made taking into consideration the occurrereguency of this sort of products in an
industry. The design analysis should be alwayseated by an analysis of technological
demands for each type of products. There are matlads of a design analysis which are
less or more automatic. However these methods sawe serious application limitations.
Therefore it was necessary to elaborate a new metfiadesign features identification.
The name of this method is the method of manuaitrarip features decomposition —
MAFD. In this method is possible to identify desifgatures either in 3D or 2D models.
Features are identified by experts based on esplenbwledge and skills. In comparison to
automatic methods of design features identificatime MAFD method has some
advantages:

0 thanks to a participation of skilled experts in tipeocess of design features
identification the worked out set of design feasuns characterized with good
adjustment to the problem domain by itself. Sodbésign features set is well oriented to
user’'s demands,

[0 great speed of the identification process in comparto other methods which comes
from the fact that in the MAFD method it is not esesary to figure out identification
algorithms or programming of new computer tools. eibe well matched expert
possesses proper knowledge a priori,

0 openness of the structure of design features,
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O implementation ease.
O luck of risk of redundancy appearance in the dedggtures database which is
characteristic for most automatic methods.

In the Fig. 1 an example of a sleeve’s model isshalrhe sleeve’s design model was
processed with MAFD method. As the result of thedeladesign processing the structure
of design features, which represents the model, wa&ed out. The elaborated structure
of design features with model topology in the Rgs shown.
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Fig. 1. An example of sleeve’s model

During the decomposition process following desigatf@ires were distinguished by an
expert (see: the Fig. 2): cylindrical pins denotet CZW1 and CZW2, the main hole
denoted as OTGO, the internal spline WWW1, interoabmfers FZW1+2, external
chamfers FZZ1+3, prismatic grooves RWZ1+3 and tttereal passage PCZ1 (please note
that all abbreviations used for denoting designuies come from Polish, so if it is needed
to denote them in English they could be called dgample: CLP1 for a cylindrical pin
no. 1, MAHL for the main hole etc.).

As it was previously said the whole process of gle$eatures identification was done
for certain product range. During this processiteacommended to conform to following
methodological rules:

1. The first rule — search for a design featurecwhtan be manufactured with a single
manufacturing cut.

2. The second rule — search for an alternative faatwring cut which can be applied for
the design feature.

3. The third rule — search for alternatives manii@eg cuts which can be applied for the
design feature.
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4. The fourth rule — try to make groups of desigatfires which can be manufactured with
the same manufacturing means.

SLEEVE
CZW1 — — CZW2 OTGO
i) | —_— —

RWZ1 — —| PCZ1 FZwW1
\m——

RWZ2 FZZ1 FZW2

FzZW?2

IEEE

RWZ3 FZz2

Fig. 2. The structure of design features workedf@uthe sleeve’s model from the Fig. 1

Application to above—cited rules causes that ipassible to make relation between
a single design feature and a single manufactwun@r a set of manufacturing alternatives.
This way of making relations among design featared manufacturing cuts and operations
makes a CAPP system building process much easiee. dvailability of the set
of manufacturing alternatives is very valuable angortant from a CAPP, CAP computer
integration problem point of view. The possessifighe set of manufacturing alternatives
makes elaboration of a set of multi variant tecbgmal routs possible. These multi variant
technological routs are used in the following way:

0 providing there is a disturbance in a productiostey, a schedule is out of date.
A CAP system sends information about the probleoh r@ports which manufacturing
process is interrupted. Moreover the CAP systersgsmen information about the state
of a product being manufactured, it means whichufea of the product are done and
undone;

0 the CAPP system first checks whether it is posstblecontinue the technological
process with one of available alternative techniclggrouts, if not it reports that the
product is a failure, if yes the CAPP system sanfigmation about the technological
rout which has to be applied in order to finish pineduct;

0 the CAP system makes a new production schedule.

In Figs 3 up to 8 some examples of design feattegesgnised during the whole process

of identification of design features for selectadge of products are shown.

The worked out set of design features gave posgmbilfor elaboration of an open
structure of design features. This open structdraasign features is used for design
description of any product which belongs to thestd range of products and also for any
product which is similar in its shape to produdtshis range. This open structure is flexible
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it means that it can be modified at any time adogrdo user's needs. The present state
of the open structure of design features in the Fig presented.
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Fig. 3. A design feature of cylindrical pin type Fig. 4. A design feature of conical pin type
b
\
b1 3 UCJ’Q

;i o
! ‘d‘

i . 7 R i — | _g_ E‘ 5

i = ' -

1 _ o
(@] = -ﬂ- - L -
o L4 -
Fig. 7. A design feature of inside undercut type Fig. 8. A design feature of centre hole type
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Fig. 9. The present state of the open structudesign features
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2.2. ELABORATION OF A DESIGN REPRESENTATION METHOD

In order to build a CAPP system is necessary tokvaut a design representation
method. The design representation method shoufdrpethe following assumptions:

0 formalisation of a product design in the form oé t6GAPP system input data. These
input data should allow to connect design featwiéfs manufacturing techniques which
are represented in the CAPP system technologicalletge base,

0 designing of technological process plan elementserautomatic way.

Because CAPP systems in practice work separatdlyouti any direct cooperation
with CAD systems there was a need of elaboratiora afesign representation method.
Worked out the design representation method isdasethe open structure of design
features (see: the Fig. 9). The design is repredeny the formal FMxp model shown in
the Fig. 10.In the formal FMap model the structure of a particular design featsre
described and recorded with application of an dijechnique. It means that the structure
of an individual design feature is recorded by nseahstructure of an individual object.
The object structure at the formal model levelesatibed by means of an attribute Sgf=
{A1...A;}, assuming that values of particular attributesn cdescribe qualitative and
guantitative parameters of an objebhe formal model FM,p was implemented in NX 7.5
CAD/CAM/CAE system with application of GRIP programnmg language.
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Fig. 10. The structure of the formal model £
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The FMcap formal model was a base for elaboration of the-AXAD application which can
be used for design modelling of rotational parthisTapplication works in NX 7.5
environment. Moreover this application is able tegare design data which are next used
by the CAPP system. The structure of AXI-CAD apgiien in the Fig. 11 is shown. The
application structure consists of the followingreénts:

MM — a management module,

DFD - a design feature database (organized asod separate modules),

SDMM'’s — management modules group responsible Biaadard database servicing,
SD — a standard database.
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Fig. 11. The structure of the AXI-CAD appliction
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The work in the AXI-CAD application begins with nmalihng a rough shape
of a model. The rough product model is created dnjirey successive pins one to another.
The final model shape is created by subtractintablé design features. The user during the
modelling process is supported by SDMM’s modules. &xample, in the case of inserting
a design feature that has a standard form and dioven (grooves, undercuts, threads, etc.)
standard data are automatically introduced into@mmate edit boxes of a user interface
window (according to a suitable standard). In flece it is necessary to remember that in
some cases the design feature dimensions arelysitmtinected with pin's dimensions.
If SDMM module cannot match feature dimensions with’'s dimensions in accordance
with a selection rule for example, an automatiestsdn becomes impossible. In this case,
as it is said in the fuzzy logic paradigm it isteeto give the user an answer that is sure for
80%, for example, instead not giving them any amsWigat is why AXI-CAD application
tries to propose approximate data values and the has to check and correct them. The
AXI-CAD application plays a preprocessor role foCAPP system so it is responsible for
product data recording. The product data consishfofmation about product structure —
relations between particular design features usedmodeling process, a shape and
dimensions of design features. The information &loyroduct structure is recorded in
a text file with *.stc extension whilst a model geetry it is a particular design feature
dimensions in a text file with *.geo extension. Flmformation is next used by a CAPP
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system in order to prepare a technological propss An example of the form of a model
structure text file and geometry text file for afthmodel in the Fig. 12 are shown.
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Fig. 12. The shaft model and the form of a strieftile (see: left), the form of a geometry file €seight)

3. SUMMARY

Nowadays the AXI-CAD program works in the NX 7riveonment whilst the CAPP
system works beyond NX 7.5 environment. It seemseothe biggest disadvantage.
Implementation of the GRIP language in order toréa design features database is not
the best solution because in this case is not lples& implement object paradigm fully. In
order to avoid of this disadvantage the followidusion is proposed: based on worked out
open structure of design features create a new @ABule working in NX 7.5 environment
but implemented with OPEN/API C# language, CAPResysshould work in the NX 7.5
environment and should be written with OPEN/API Garguage tooThis work has been
conducted as a part of research project N RO3 @&73009 supported by The Polish
National Centre for Research and Development (NEBIR
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