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Computer processing of tribology data

CONVERSION OF DATA INTO INFORMATION IN TRIBOLOGY
RESEARCH

M. ERIC, M. BABIC*, S. MITROVIC, B. TADIC, D. DZUNIC
Faculty of Engineering, University of Kragujevac, 6 Sestre Janjic Street,

34 000 Kragujevac, Serbia
E-mail: babic@kg.ac.rs

ABSTRACT

sition, developed databases and reporting, as well as contemporary information
technologies used for tribological investigations in area of Metal-Matrix Com- '
posites — MMCs, in the light of the above observations.

S

Keywords: information technologies, database, software tool, data conversion,
tribological investigations, tribology.

AIMS AND BACKGROUND

information age, up to third wave. Information and knowledge growth are becom-
ing more and more essential development and €conomy resources. We have been
living in digital technologies era for three decades now and Internet and Intranet

_
* For correspondence.
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Fig. 1. Data—information —
knowledge!

environments fundamentally change the way of communications, availability,
accessibility and data/information exchange. Relevant and timely information is
of crucial importance in scientific investigations and understanding of the per-
formed event should be precise and explicit. Among other, phases of scientific
investigations comprise data acquisition and their structuring into database and
data warehouse, followed by their analysis in order to find laws and patterns and
comparison with similar data. These activities are aimed at data to become infor-
mation and for information to grow into knowledge and to further use that knowl-
edge to formulate decisions and to anticipate future events' (Fig. 1).

Data alone are rather hardly usable. Only after they have been processed, when
relevance in certain context and in specific way is given to them, they become in-
formation. Data conversion into information is relatively mechanical process and is
realised using information technologies that categorise, process and storage them.
Role of information is to lower uncertainty in scope of some critical area. Collec-
tion of data that has been processed and presented in a certain way, combined with
experience and intuition constitutes knowledge. Information becomes knowledge
when it is processed in a mind of a person. Such a knowledge again becomes infor-
mation when it is transferred to other persons in a form of a text, picture or graphics.
Knowledge is sustainable and unlimited resource accumulated through experience.
It is embedded in persons who create, develop, enhance, use and transfer it. One of
' the goals of information technology and databases is to facilitate storage, documen-
tation and transfer of experimental knowledge.

EXPERIMENTAL

The implementation of tribological principles in the database and expert systems
has always been a goal of many research efforts. However, the complexity of
seemingly simple interaction of two bodies, carries a number of challenges and
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concerns when it comes to designing tribological database or expert system. A
major problem is that the data that describe the tribological phenomena are not
unique and unambiguous. An example of this is that, for the same contact geome-
try, materials and conditions under which the contact is achieved, researchers can
get different values that describe the basic tribological phenomena such as fric-
tion and wear. In addition to problems related to the origin of the data, a number
of problems related to the fact that quite a number of tribological phenomena can-
not be described quantitatively, and the qualitative evaluation is often subjective
evaluations of researchers, Many such examples are given in the book ‘Modern
tribology handbook’ in “Friction and Wear Data Bank™. In the aforementioned
chapter is an overview of database instance for different types of tribological
materials.

An example of a database for the selection of tribological optimum mate-
rial for known exploitation conditions is given in the Woydt paper?, in which the
author referred to the table showing the existing database and expert systems in
the world.

Database* and expert systems® were the subject of investigations of many
authors in order to assist tribomechanical system designers, primarily in selection
of materials, as a consequence of that, practical tribological recommendations,
which are the result of a large number of systematised results of laboratory tests
conducted by researchers all over the world.

Contact surface has a major influence on the quantity of friction wear. There-
fore, tribomechanical system designers, along with the material selection, must
consider the quality of the contact surface, Franklin and Dijkman’ presented a
method by which way tribological principles can be implemented in the database
and expert systems for the metal materials, surface treatments and coatings selec-
tion. The authors define the database and expert system based on 9 rules (Rule
design and implementation philosophy; Mechanical contact overloading; fretting
rule; Excessive material transfer; Three-body abrasion; Two-body abrasion; Neg-
ligible wear; Surface fatigue; Steady state wear factor), which describe tribome-
chanical system and its exploitation conditions, recommends solutions in terms of
material, surface treatment and coating selection.

Also, Luoa et al.” presented on which way preliminary selection of single or
multilayer coating, coatings materials, deposition process, thickness of coatings
can be done.

Potentially the interpretation of data into information is a very complex issue.
It is also subject to consideration of a number of authors, and also the subject of
this paper. One of many possible scenarios of conversion process of data obtained
from different resources is shown in Fig. 2 (e.g. from the embedded sensors on the
machines, from maintenance database, from manually input working conditions
and experimental laboratory investigations) into information!.
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Fig. 2. Data to information conversion process'

Data is obtained from several resources and further transformed into mul-
tiple-regime features by selecting the appropriate computational tools for signal
processing and feature extraction. In the feature space, indices are calculated
by statistically detecting the deviation of the feature space from the baseline by
choosing the appropriate computational tools for assessment/evaluation'’.

The starting point for developing a database into the conversion platform
(Fig. 3) is the observation that the hundreds of individual files existed on many
personal computers. These data files were mostly built-up to draw diagrams or to
add the listings of results to final reports. After examining the files can be con-
cluded that formats of these files were not compatible with each other even at the
same laboratory, and that their format depended on the subjective approach to the
researchers. There is question of reliability and repeatability and results verifica-
tion possibility, if the data are available only to the author.

In the present work, authors wanted to show information platform architec-
ture for data conversion, developed database architecture as a one way of apply-
ing modern information technologies on an example of tribological investigations
of ZA27-based metal matrix composite reinforced with AL O, particles. An at-
tempt has been made to evaluate the dry friction and wear behaviour of ZA-27/
Al,O, composite over range of applied loads and sliding speeds. The unreinforced
ZA-27 alloy was tested as a reference material.

DATA INTO INFORMATION CONVERSION PROCESS

On the Faculty of Engineering at the Tribology laboratory for the data into infor-
mation conversion processes basic platform shown in Fig. 3 is used. The platform
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combines hardware and software that should provide a high level of functionality,
communication and independence. The mechanisms that support this are: model-
ling Mechanisms (UML — Unified Modelling Language, MDA — Model Driven
Architecture), Web mechanisms (un iversally accepted protocols and services) and
virtual executive systems (JVM — Java Virtual Machine).

In case of tribological investigations, conversion process is realised by data
acquisition process whose block diagram is shown in Fig. 4 (Ref. 11).

Computer Libotite Research in
modelling and 2 exploitation Literature Reference
F_' simulation conditions
A - E—— *
i Siwd
S T
= FL o AVVYY
Tabular Digital Graphical Textual Analog
B DATA
i N

and logical linking of data in a form suitable for processing

The transformation and adaptation (translation) format (digitising)
conversion, adaptation, classification, categorisation, arrangement

=

Search, interpretation, display
(visualisation), analysis, processing, distribution...

...... DATABASE
Commercial
and developed DATA TO INFORMATION
software CONVERSION
L] |
L
-\:

INFORMATION

Fig. 3. Basic platform for data into information conversion process
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Data acquisition system must convert real prac-
Analog tice signals, such as amplitude, level, voltage, cur-

input rent intensity, temperature, pressure, weight, time
\7 period, etc., which are not in a format acceptable for

computer (Fig. 5). It converts them into format un-

Connecting module derstandable for computer, that is, into format that

T can be registered in databases. Analog signals for

normal and friction force are brought from the dyna-

AD converter mometer (measuring transducer), via an amplifier to
connection panel that serves as an interface between

/ﬂi_s—i;isﬂ\“\ the device (tribometer) and PC. From the connection
PROCEss panel signals are brought to the AD converter (in-
i verter) that was implemented as a module (card) and
LABTECH notebook is located in the PC slot. One of the most important
characteristics of the data acquisition system is that

computer integrates them all into one compatible
system. When appropriate software is added upon
it, system is obtained that does not need detailed
knowledge to use it. It is necessary to get acquainted
with main problems in this area in order to make
selection of such a system.

Collected data regardless their origin (computer

Real time
process

Analysis and modelling and simulation, laboratory testing, re-
manipulation search in exploitation conditions and data retrieved
Kig, 4, Blosk dingram of data  from the literature), can be in any of_the following
acquisition process! forms: tabular, graphical, textual, digital, analog.

For each of the forms programs for their processing
are used (Fig. 6), which translate, classify, categorise, arrange and logically con-
nect data into a form suitable for the database.

Database was designed to storage data obtained by data acquisition dur-
ing tribological investigations and its concept (logic) scheme is illustrated in
Fig. 7 as entity relationship diagram. Conceptual scheme, that is, logical frame
of the model, is done using DeZign for Databases CASE tool. DeZign for Data-
bases is software for database creating and working with them by using entity
relationship diagram. Software enables easy and simple work for a user in all
database development phases: database creation, documenting, program code
generation, etc.

By using DeZign for Databases, logical data model is created, in a form of a
graphical diagram of entity relationships. Each entity has attributes that describe
it and they are linked to each other by relationships. This software tool utilises
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! CHEMICAL_CHARACTERISTICS

PK # Material
g;"m“m;";-; [ MEASUREMENT.sysTEM ) RESEARCH
Camponcnl::.'! PK # Measurement System PK # Re‘se.;trch )
Component_4 Description Description
Impurity_1_Fe Photos Customer
Impurity_2_Pb Sketch Start_Date
Impurity_3_Sn Tribometer_ Model L-6€ End_Date
Impurity_4_Ca J Approved by

~— — Contact person

Person responsible for data anallysis
PHYSICAL _PROPERTIES Testing performed by
PK # Material FK # Measurement_System
Svogsnlidfion | (COWGTE é

Shrinkage on solidification

Solidification temperature PF # Material

TRIBOLOGYCAL_RESULTS

Thermal expansion Rciinforcement

Thermal conductivity Weight % . PF # Research

Electric conductivity Reinforcement size | FK # Material

Electric resistance Hardbess Test conditions

Electrical conductivity resistivity Micro structure ' Test duration

Shrinkage relevant for modelling Sliding speed
1< Normal load

Shrinkage relevant for die making

Coeflicient of friction
MECHANICAL PROPERTIES csraith
PK # Material

Rz

Yield strength Rmax
Young’s modulus Beaning curve
Elongation

Hudneu

The starting point for database development was a real System that is related
to the investigation of the tribological characteristics of composite materials, The
specimens were tested using a block-on-disc sliding wear testing machine with
the contact pair geometry in accordance with ASTM G 77-83. More detailed de-
scription of the tribometer is available elsewhere'>’3, The wear behaviour of the

The test blocks (6.35x15.75x10.16 mm) were prepared from ZA27 alloy rein-
forced with 3, 5 and 10 wt. % ALQ, particles, while basic ZA27 alloy was used
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as a referent material. The counter face (disc of 35 mm diameter and 6.35 mm
thickness) was made of EN: HS 18-1-1-5 tool steel of 62HRC hardness. The Yal-
ues of surface roughness were measured on the prepared samples before testing.
Measuring of surface roughness was done on Talysurf 6 device. The tests were
performed in dry sliding conditions at sliding speeds‘ (0.25 — 1m/s) ar.ld applied
loads (20-80 N). Each experiment was repeated 5 times. Test duration for all
tested samples was 60 min.

All the above characteristics of the test material and data related to the test-
ing conditions must be adequately presented, in the database, the description of
which follows later in this paper, and thus researchers and engineers can easily get
information on tribological results acquisition method.

Database CHEMICAL_ PROPERTIES contains data on material chemical
composition, mainly concerning alloys used in investigations, that is, percentage
composition of aluminium, copper, zinc and magnesium, as well as maximum
share of impurities such as iron, cadmium, lead and tin. Database MECHANI-
CAL_PROPERTIES contains data related to mechanical characteristics of used
materials such as: tensile strength (MPa), elasticity modulus (GPa), elongation
(%), hardness (HB). Database PHYSICAL PROPERTIES comprises data on test-
ed materials such as: density (g/cm?) at 20°C, shrinkage during hardening (%),
hardening temperature (°C), specific heat (J/kg K) at 24-92°C, thermal emission
(m/m K) at 20-100°C, thermal conductivity (W/m K) at 24°C, electrical conduc-
tivity (%) IACS, electrical conductivity resistivity (uQ cm) at 20°C, shrinkage
relevant for modelling (mm/m) and shrinkage relevant for die making (mm/m).
This database enables comparison and comparative commenting on materials ac-
cording to their physical properties. Database COMPOSITE contains data related
to type of reinforcements, mass share, particles size, hardness, as well as micro-
structure photograph. Databases MEASUREMENT_SYSTEM and RESEARCH
contains basic data about created measurement system for investigations, its
structure and elements, scheme and photography of the measurement system;
investigation description, client description, beginning date, and end date, who
approved test, who performed test, who realised analysis, etc. These are all data
related only to the investigation itself, Database TEST_RESULTS contains data
about conditions and results of tribological investigations: test conditions (with
or without lubrication), contact duration (min), sliding speed (m/s), normal force
(daN), friction coefficient, width of the wear scar (mm), arithmetical mean rough-
ness_of a surface, R , mean asperities height, R, maximum asperities height, R,
bearing curve of a profile. Previously described databases with defined logir::aaxl
structure and interrelationships are suitable for analysis of tribological character-
istics according to different criteria,

Previously presented database including reference database described in
Ref. 14 together with developed software represent an integrated system.
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Application

MS Excel, ADO MD
Statistica
Data warehouse l
File boxes O <

OLE DB for OLAP

P

ROLAP boxes [~~~ Pivot table service —() OLE DB |

precise mathematical area (SQL Server supports certain techniques in this area
comprised by Query), but in any case it does not comprise all analytica] pur-
poses for which data warehouse is used. Analysis of data organised in OLAP
(On-line Analytical Processing) cube can be done using PivotTable (dynamic
table with integrated data from some database) service that enables data access
to OLAP Cube. Two ways of data access in OLAP Cubes is shown in Fig. 8,
using software tools Microsoft Excel and Statistica (as tools with main role be-
ing data analysis) or by creating custom user application through the so-called
ADO (ActiveX Data Objects) mechanism.

Analysis of data organised in OLAP cubes in Excel and Statistica is done by
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Fig. 10. Wear volume of tested
materials at different applied
loads and sliding speed"
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(wear curves) as diagrams, and comparative histogram view of wear of tested
materials, obtained from database in MS Excel, is given in Fig. 10 (Ref. 15).
By using software tool Statistica, data from databases is used for 3D view and
determination of analytical relations (using regression function) with high cor-
relation factor. Figure 11 (Ref. 15) illustrates report of tribological investigations
realised in Statistica, and it shows multidimensional relationships between wear,
mass weight of the reinforcements, sliding speed, and normal load.

From the tribological point of view, acquisition and data storage in databases
and the application of modern information technology allow researchers and en-
gineers comfortable information access, and assistance in solving some of the
following problems:

* Analysis of the effect of various parameters on tribological performance:
Tribological performance of a tested composite material is not one of its intrinsic
properties, but depends on the whole system, including parameters from counter-
part, base material, reinforcement, contact conditions and environment and many
other specific parameters.

* Estimation of wear rate: In general, it is considered that the wear rate moni-
toring is one of the most important factors for selection, production and imple-
mentation of composite material.

* Accessibility, systematisation and use of literature: Composite material
may be produced by different methods, different base material, different type,
size and hardness of reinforcement, and the composites are tested under vari-
ous conditions (different contact configurations, application conditions, running
environments, counterparts, etc.). Even for a same kind of composite material, in
different papers, test results present great difference.
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successfully applied to all other tribological tests regardless of the research type
(with or without lubrication), contact geometry, materials and contact conditions.
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