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Summary

Development of high-precision products of difficult to process materials often requires use of
unconventional techniques and manufacturing technologies. The studies are labor-and cost-consuming.
Development of a database in which they are collected and available informations necessary for
designers of machinery and process design engineers, process is a matter of considerable importance.
This paper presents the principles of design and structure of the database DBSMP (DataBase Special
Materials Processing) and its implementation to manufacturing.
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Nowe podejscie do zintegrowanych systeméw danych obrobki materiatow
o specjalnych wlasciwos$ciach
Streszczenie

Ksztattowanie precyzyjnych wyrobéw z materiatéw trudnoobrabialnych wymaga czesto zastosowania
niekonwencjonalnej technologii. Opracowanie takiej technologii jest praco- i kosztochtonne.
Opracowanie bazy danych, w ktorej sa gromadzone i udostepniane informacje niezbedne dla
konstruktoréw urzadzen technologicznych oraz dla technologéw projektujacych procesy obrobki, jest
zagadnieniem o istotnym znaczeniu. W pracy przedstawiono zasady konstruowania i strukture bazy
danych DBSMP (Baza danych obrébki materiatéw o specjalnych wtasciwosciach) oraz implementacje
tego systemu do produkgji.

Stowa kluczowe: materiaty o specjalnych wtasciwosciach, struktura bazy danych

1. Introduction

The treatment of special materials requires widewkadge in various
technical areas. The availability of modern systefproduction management
does not fulfill all needs connected with e.g. eimguquality, optimization of
materials treatment process, or gathering inforonadéind transferring specialist
knowledge [1]. Special attention needs to be padsystems like CIM
(Computer Integrated Manufacturing). At presenthsaommonly known tools
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as CAD/CAM and CAP/CAQ, and even ERP and MRP [#2, added to this
class of information technology solutions. Howetbg need of integration with
new types of tools within the area of Knowledge &8h&ngineering as well as
Knowledge Based (Expert) Systems is still evident.

The amount of information connected with the preaafsproduction which
can be isolated, stored and processed is hugd amailid be difficult to address
this issue in the form of one and integrated t@ol.the other hand, the division
of information causes problems, like the difficeitti of sharing knowledge
internally within one organization or the group afganizations, or sharing
knowledge externally in the form of commercial detses, or popular offset
packages. This is the reason why most attentiorbbes paid to building of a
tool supporting some of the knowledge areas in tthkatment of materials
characterized by special features (Fig. 1).

The shaping of materials difficult to process (Bample cutting multi-
layer materials [3], titanium, special ceramics zimc alloys) often requires
special methods, equipment and technological de\acel tools. Thermo-vision
and high-speed scanning for monitoring the cuttioge materials [4] or Hybrid
machining combines two or more processes for shapiand/or finishing
machine parts, tools, electronics devices and ngiarts (these hybryd processes
are developed to enhance advantages and to minpoizntial disadvantages
associated with an individual technique) [5]. Mangthods requires a number
of costly attempts, what only justifies the senfereating a substantial database
regarding this subject.

Maintenance Requirements Internal Standards

Expert Systems Algorithms Official Standards

Manufacturing Processes
Database Knowledge

Based
Engineering

Manufacturing Experience

Materials Database KnowHow

Equipment Database

Fig. 1. Domains of present Knowledge Based Enging€iKBE)
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2. System concept

On the basis of analysis of existing systems aedrdmge of knowledge
subject to the possibility of gathering and utiligiin the real production
circumstances, the concept of DBSMP system (DawmBEsecial Materials
Processing or BoMS in national context) has beeated.

Discussing the problems of using various, sepasgstems within KBE
area (Fig. 1), a number of assumptions directlyneoted with the modules of
future DBSMP information system planned to be impated has been adopted

(Fig. 2).

Database of Process&Time
Control Equipment

Database of Technological
Process

> Database of Machines

DBSMP

Database of Instrumentation
& Tool & Kits

= Database of Standards

y

Database of Materials

Fig. 2. Main modules of DBSMP (BoMS) system

Requirements of Database of Standards:

* the possibility of cataloguing norms and othemdtads, together with
presenting both the vendor and the area of apptyi@agnorm,

* the building of the hierarchy of norms,

* the storing of the optional number of documentsnezted with norms/
standards.

It appears, that the implementation should enallle tataloguing
of optional number of norms in the way which makepossible to define
various versions for the same standard, which esbihilding of the hierarchy
of documents, with the unlimited number of docurseabnnected with the
norm [6].
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Requirements of Database of Materials:

* the possibility of creating the optional numbercategories of materials
connected with the norms and descriptive matenmthe form of the optional
number of files,

« the possibility of cataloguing materials accordiagts kind, type, etc.,

« the connecting of kinds of materials with normg, &ASTM, stored in the
module of norms and standards,

e the defining of the optional number of parametgypical for the
particular kind of materials, e.g., providing ttenges of working temperatures,
in which the materials can be used, and the defiafrthese parameters,

* the defining of the optional number of materisdsigned to the particular
kind of materials together with their basic dedivgpdata, e.g. patterns,

 the storing of the optional number of documentsneacted with the
material as well as the building of the hierarchydocuments regarding the
specific material.

Requirements of Instrumentation (also tools and k#):
* the possibility of describing the optional amowohtquipment according
to its type, which can be:
1) an independent element of the material treatmertgsss,
2) an element of the machine/machine tool set,
3) an element of an independent set unused in theingchachine tool,

* the defining of the optional number of parametéypical for the
particular equipment, together with presenting ttem for the particular
parameter,

e the storing of the optional number of documentsinected with
equipment, e.g. drawings, instructions and thedmgl of the hierarchy of
documents for equipment.

For tools identical assumptions have been adomefraequipment. The
building of the set of tools is also indispensahlidich is required by the
methods like SMED [7] as well as RMS (Reconfiguealanufacturing
Systems) [8].

Requirements of Machines (also Time Control Equipmiet):

« the possibility of cataloguing the optional numbefr technological
machines, which are used e.g. in the processesatdrias treatment, together
with the division into groups and kinds,

« the defining of the number of parameters typicalthe particular group
and kind of machines and the defining of normgafiese parameters,

« the possibility of defining periodic services ofachines together with
registering the planned timings and the actualng®i[9],
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« the defining of the optional nhumber of parametéss services, the
defining of working parameters and the registenhthe values before and after
the service,

* the storing of the optional number of documentsnezted with the
services as well as the building of the hierarchgazuments,

* the registering of events, which can be assigethé exploitation of
machines, e.g. breakdowns and failures,

« the storing of the optional number of documentsnested with events
and the building of the hierarchy of documents.

Such an attitude includes the requirements of TRMEQMain. However,
there is a need to point out, that this attitudpiiees over-standard functionality,
which should be implemented during the second stafjethe system
development.

Requirements of Database of Technological Process:

* the possibility of cataloguing the optional numleérmaterial treatment
processes connected with technological processkepranessed material,

« the storing of the optional number of documentsneated with material
treatment processes, e.g. the storing of the $etsapacteristics and the building
of the hierarchy of documents,

 the defining of the particular material treatmepmerations within the
whole material treatment process,

* the storing of the optional number of documentsictva user can include
into the operations of the material treatment pgecge.g. the drawing of the
processed material together with the stages ddipmdication according to the
particular actions of operations) as well as thddimg of the hierarchy of
documents,

* the defining of the optional number of actions hwit the treatment
operation,

 the defining of the optional number of documemtéich a user can
include into the action (e.g. the drawings of thereent under process), as well
as the building of the hierarchy of documents,

« the defining of the full set within the materialedatment operation
consisting of the optional number of machines, gpefuipment and tool sets,
also the sets of the SMED type [10].

Additionally, the possibility of registering in threal time or in the optional
time frames of changeable parameters of materidgémuprocess and equipment
used in the treatment process should be takercaortsideration, for the need of
experiment, checking the correctness of the matiegatment process, as well
as for the need of TQMain and other quality — palng systems.
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3. System solutions and implementation

The requirement of high level of modularity caugédt the finding of such
information tools, which would enable the fast aedsy adding of new
functionalities, has become a necessity. Howeuers inot easy to achieve,
especially due to the fact that the majority ofnfeavorks, because of being
internally complex, does not meet this requirem@iftcourse, the integration of
new modules is possible, but not easy.

The usage of the so-called heavy-weight Model-V@owntroller (MVC)
frameworks, e.g. Zend, Symphony or Yii, has beemmiup in favour of the
usage of very fast micro — frameworks.

The micro-framework used, similarly to hard frameke) uses the MVC
model, but it is the model of data that has bectimebasis of building a new
application. The carrying out of the project anglementing of the system is
based on the basic structures of data in the fdrenrelation from a relational
model of data [11]. Despite the passing of time #eddevelopment of the most
modern models of data, a better method of desigaithapplying the structures
for storing data has not been developed [12].

The original project of the layer of data has beerated for the system of
Oracle 10 g in Oracle JDeveloper, which enabledthtalel the appearance of
main modules of application. The implementatiortaifles and their auxiliary
structures (indexes, foreign keys, user definedcemores, triggers and
assertions [13]) has been applied for the serveMp®QL-5 databases. The
system is then adapted to be used both with sepfeldySQL databases and
Oracle (at a larger scale, for huge productionesgstin future).

In accordance with the assumptions, the project been divided into
modules, adding to the modules the possibility afadaudit, support for the
authorizing options and checking the authenticityusers (A&A). Auxiliary
tables for client applications as well as dictigntbles have been devised. At
present, DBSMP consists of 112 tables; it is imjidsgo present the full ERD
diagram for the model of the data [14]. The exangfleslation of tables for the
module of norms and materials management is pregemt-ig. 3.

The first module of databases is the set of tabMsch provides the
possibility of operating and working on internas, well as external standards
(e.g. norms), in accordance with the knowledge asslimptions within the area
of storing information according to their hierarabrythe optional documentation
(files).

The cataloguing of information on materials frome tipossibility of
a detailed description of kinds of materials thtoupe adding of particular
materials together with files and connecting theithworms (Fig. 3.) is a far
complex element. What is important, the definingtloé optional number of
parameters both for various kinds of materials apdcific materials (taking
their full hierarchy into consideration), e.g. headistant steel, is possible [14].
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Fig. 3. Data Model for Standards and Materials Meslalesigned in Oracle JDeveloper

Another element of data model is the set of tables auxiliary structures
used for cataloguing informations on equipmenttaods, which can be used as:

« an individual element of materials treatment pssce

 an element of the set for machine/ machine tool,

* an element of an individual set, unused in mac¢hirachine tool.

Following the above, it has become necessary tl ble composition for
creating this kind of sets. Together with toolsyipqment and their sets, it is
possible to catalogue the optional number of fieesd parameters (also
connected with norms).

The service of information on machines is by farenoomplex (Fig. 4.)
due to the bigger amount of information indispetséir e.g. TPM or TQMain.
Apart from files and parameters, special relatiammaitainers have been created
for storing service information on technologicatiararious events together with
the possibility of monitoring optional parameterenoected with this and
registering parameters of the machine in time,dugng the treatment process.
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Fig. 4. Data model for Machine Management Modulegtesd
in Oracle JDeveloper

Thanks to the advanced model of data, a user ofybm, e.g. the main
technologist, asking a proper question should oldata regarding the treatment
of the specific material accompanied with condsioaquired by norms and the
set of technical devices. Within the discussedesystlso the functionality
necessary for cataloguing data on values of optipaeameters changeable in
the specific time (also Real-Time) has been implee®, but depending on the
possibility of technical devices and digitalizinatd.

In accordance with the designed layer of data, ltigic layer and user
interface have been built. The example of realizimg main menu taking into
consideration the division into the dependant meslid shown in Fig. 5. All the
modules are mutually dependant on the Databastaofi&ds, which is a result
of the specificity of system.

For the purpose of comfortable usage of applicateasy to use), the
appearance of all the sets of indexes of the tyfigRUD (Create, Read, Update
and Delete) in the User Interface (Ul) has beefiathiThe extended version of
CRUD consists of (Fig. 6.):
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« an additional option of the review of the recoedails (View),

« the (web) page used to manage the files (Files),

 the management of parameters for the specifiadggeactors),
as well as the management of norms for the speeifiord (Standards).

——— ——— — — — — — — — — —

(
I Database of Database of I
Standards Materials Database of Technological I
I Processes I
| ‘ |
I l |
I materiaty  tech  procesy |
| |
| |
I Ma I n Instrumentation, Tools, I
Kits,
I MENU Maclhines I
I Time Control Equipment l
— e o e e —

Fig. 5. DBSMP and its context modules

(Edit (View (Files

# Parameters
& FN

. G Ml
ﬁ /\ \[ Standards
( Status ( delete

Fig. 6. Extended CRUD operations in DBSMP

Thanks to the User Interface it is more transpaaent for each element, it
guarantees the access to a similar set of optiomarticular to the management
of norms and parameters apart from the module ohadFig. 7.).

In the application many standard as well as extgmpdegrammer elements
have been used, such as the possibility of regigtaymbols and mathematical
equations based on UTF-8 sign codes. It has beewnslon the example of
edition of the registration of markings and the swua unit for an exemplary
parameter — Fig. 8. Because of the limited versifthis review, it is impossible
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to describe all functionalities of the DBSMP systewhich is still being

extended for additional functionalities.
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4. Conclusions

The supporting of engineering processes with tHp bé solutions from
other areas of knowledge [15] finds its own reflaetin the development of
various systems, in which the motivation is soneajce.g. the improvement of
the maintenance of the technological park, an thativation are highly
specialized programs. As it has been shown, with& area of cataloguing
information on the special materials treatment, wune specificity of this area,
there is some kind of gap of information. There ace complete processes
supporting engineers with the choice of a spegifacess in the strictly defined
treatment process. However, it has been shown,tligabuilding of such an
integrated system is possible. DBSMP enables theatipg on the various areas
of knowledge, in a far broader context than singystems of supporting
production used in factories.

It has to be underline that DBSMP has been designedch a way as to
enable the cataloguing of much greater amount &rimation than it is
considered by its current implementation. Takindo irconsideration the
possibility of storing the values of parameterghi@ time context, | is possible to
use it for educational as well as experiment pupp.g. in the R&D
departments.
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