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The strategy and methodology for selecting of optimal surface treatment for a given tribological
application are the main objectives of study. The scheme of development of operation technology of
surface treatment and coating deposition is proposed.

Poszenanymo cmpamezito ma memoodonocito 6ubopy onmumanbHOi HOBEpXHI 00pOoOKU O
oemaneil 8y3iie mepms. 3anponoHo8aHo cxemy po3poOKU ONepayitiHoi MexHoLo2ii NOBepXHe8020
ONpayrO8ants i HaAHeCeHHs NOKPUMMSL.

Paccmompenvr cmpamezus u memooonozus 6blO0pa onmumManbHOU NO8EPXHOCMHOU 00pabomKu
onsa Odemanei y3no6 mpeHus. Ilpednodxcena cxema paspabomku oOnepayuoHHOU MexHOI02UU
NOBepPXHOCMHOU 0OPabOMKU U HAHECeHUs1 NOKPLLMUU.

Statement of purpose This could involve, for example, use of a

The use of surface engineering methods [Rore effective lubricant, or a redesign of the
tribological applications is growing and Wi”trlbologlcal system elements, use of more

continue to grow as evidenced by a literaturgective methods of Iubricatior!, development
survey [1-9]. of new or use of improved materials, etc.

Surface treatment as coatings and films Classification of surface
deposition and modification of surface layers engineering methods
can offer certain economic and technical .
advantages over the use of materials without th? Many techno!oglcal methods "%‘”d processes
surface strengthen treatment. of surface engineering are available for the

Their main advantage is that strengtheWOdiﬁcation of surface characteristics.
surface layers allow the base material offibological surface treatment methods are used

tribological system (TrS) parts to be optimized®r different purposes: ' .
for strength purposes while the surface layer is — r_e_pla'ce surfaces by coatings and films
optimized for reducing wear and increasin§eposition;

corrosion resistance, promoting film lubrication, — Surface modification (surface alloying
enhancing lubricant effectiveness, modificatioRNd/or microstructure is altered); _
surface function, etc. — combination of methods for coating

Furthermore, replacing the surface layer b§feposition and surface modification.
coating deposition during repair may be more A Wwide variety of surface modification
cost effective than new TrS part manufacture. methods are available for tribological purposes.
But the principal disadvantage in using The main categories are:
coatings concerns the possibility of separation — modification of surface layers in process of
from the base material of TrS part during use. shaping processing;
While the discussions to follow emphasize — heat (volume) treatment;
the considerations important in the selection of — surface heat treatment;
tribological surface treatment, it should be noted — treatment by surface plastic deformation;
that other alternatives might exist for any - surface thermomechanical treatment;
particular problem. — surface alloying;
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— chemical and thermochemical treatment, There is a need for a strategy or methodology
including microarc oxidization; for selecting a surface layer composition and
— ion implantation; structure and methods of their obtaining for a
— formation of surface layer Compositegiven tribological application. In this paper such

structure by introduction of hardening phas@ Strategy is proposed and elements of that
particles; strategy are discussed.

— others and hybrid methods. Solid surface characteristics
R rfacin ntiall . . )
esurfacing essentially replaces surface IayerThe difficulties of selection of surface

of t_)ase _materlal (or prewously ClepoSIteEireatment methods are connected with very
coating) with another having presumably morg, oo h mber of parametric variables of solid

desirable friction and wear properties. Usually, tace quality, which could be described by
the new surface is harder than the surfa¢Ryi ensemble of characteristics

replaced but not always. A wide variety of k nG 0G 0S0SOPhOPhOChO
coating compositions is available. Each of these nch, Defo 5 of CD Sts a

compositions can be applied by a variety of c s e
processes. The main categories of coating P 0 Pmp, 0 Pmp 0 Ptp, U Ptp ...,

deposition processes are: where G, is ensemble of characteristics, which
— electroplating; are characterized the geometry parameters of
— electrophorus; external surface of strengthened layer and in its
— electroless plating; turn could be characterized by ensemble
—We'ding; Gex |:IGewaGexm’
— thermal spraying; G.w and G, are ensembles of parameters of
— Physical Vapor Deposition; waviness and roughness of surface
— Chemical Vapor Deposition; correspondingly;
— immersion on melt; G, Is ensemble of parameters, which are
— electro-spark alloying; characterized the geometry parameters of
— electro-magnetic alloying; internal surface of strengthened layer (or
— bonding of powder layers; coating) and in its turn could be characterized
— solid phase plating (bonding of plates); by ensembles, 0G,, 0G,qy;
— painting; S, and S, are ensembles of parameters,
— continuous deposition of films in process ofvhich are characterized the geometry
friction (rotaprint, from environment, etc.). configuration inaccuracy of surface of

Some of these application processes are veitjengthened layer (or coating) and its interface
simple and inexpensive such as painting. Othef4th main material correspondingly;
are very complex either requiring vacuum Phand Phaare ensembles of parameters,
processing or requiring a series of treatmeny¥hich are characterized;
and pretreatment. Some of them can be applied Che andChs are chemical composition;
in the field while others can only be applied at S.and S, are ensembles of parameters,
particular facilities. There is no shortage ofhich are characterized the structure;
tribological coatings and surface layers to try for Dfcand Df, are ensembles of parameters,
almost any need. The primary problem thavhich are characterized the deformation;
exists is knowing what surface treatment to Pmp, and Pmp, are ensembles of
select for any given application. A relateparameters, which are characterized the
problem is that surface treatment developers oft@Rysico-mechanical properties;
do not know where their coatings should be used Ptp. and Ptp, are ensembles of parameters,
or what coating or kind of surface modification tavhich are characterized the thermophysical
develop to meet a particular need. properties;



I SSN 1813-1166. Proceedings of the NAU. 2010. /23 91

indicesc ands are for strengthened layer (or These developments are part of an effort to
coating) and structure of near-surface layer ohmagliminate the limitations imposed by oil-based
material and/or transition zone respectively. lubrication and the process of an effort to
For search of optimal solution of particulaeliminate the limitations imposed by oil-based
tribological problem it is necessary to manifedubrication and in the process are changing the
the ensemble of parameters, whiclyeneral perception of the limits of wearing
characterized the assembly and friction surfac®ntacts [6].
working conditions Knowledge of the mechanisms behind these
TTSOEOC, 0L OFOM,OW,, !mprovements in Iubrication a}nd wear resistance
whereEis ensemble of characteristics of Trg> ™ most cases, very limited. The methpds
work pieces: employed_ in most studies on surface coatings
L.is ensémble of characteristics of linkin and 'modlfllcatlpn are .emplrlc_al and therg 'S
e : grelatlvely little information available on which
between work pieces; surface technology is the most suitable for a
F is ensemble of kind of friction and its mairparticular application. Prior to selecting the
characteristics; coating material and technological method it is
M., is ensemble of mutual shifting of TrSnecessary to determie the prime objective which
work pieces; could or be to reduce friction or suppress wear or
W, is ensemble of wear characteristics of TrSboth. During the selection of the most effective

For dataware of choice of surface treatmeftface material and process to supress wear in a
method it is necessary to elaborate the ensemBgticular  situation, ~the prevailing — wear
of parametric variables of solid surface qualitynechanism must first be recognized and assessed.
which influenced on wear-resistance at different In the last years, a lot of research is being
kinds of wear and recommended for control ofarried out in field of tribological coatings and

wear-resistance surface treatment, and although they are being
increasingly used in practice, little is still know
QPSS HGo UG 0%, H'S, HPRy P D about their properties and their tribological
D Ch, O Chy D Df; O D 0 S, O behaviour, especially for new advanced surface
0 Sy U Pmpy O Pmpg U Ptpy U Ptpg O...., technology. Different types of coatings of the
where index mark “i” is given for certain kindsame composition have different mechanical
of wear. and tribological properties, depending mainly

Furthermore, it is necessary to elaborate tloa the type of deposition process and substrate
ensemble of parametric variables of solidhaterial. Furthermore, due to the specific test
surface quality, which possible to control atethods and conditions for given applications
each method of surface treatment and ftr research facilities of an organization, it is
determine the limits of these control. seldom possible to compare the results obtained

QPSS; 0 G, UG, US; 0S;0Ph,; 0Phy O by gifll‘ertt%_nt reSfearchetS_- erial and coati

election of a coating-material and coating-

HChy O Chy O DA, O Dfg 0y 0 process combination for a specific substrate can

0 Sy O Pmpy O Pmpg O Ptpg U Ptpg O...., be complex. There are a great number of
where index mark “j” is given for certain kindeSSible Combinations, not all of which lead to
of surface treatment. satisfactory solutions [1; 6-9].

To overcome these problems, the strategy
and methodology for selection of optimal
tribological coatings and surface treatment for a

Coating deposition and surface modificatiogiven application are proposed.
have rapidly evolved in recent decades from The selection of types of surface strengthen

simple and traditional methods to extremelyreatment include following stages as shown on
sophisticated technologies. fig. 1:

Methodology for surfase
engineering methods selection
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1) study of initial data including: 5) determination of rational values of
composition and internal relations of TrS (partgarameters of surface layers properties by using
relations between them; lubricant; surroundingodels of friction and wear (by obtaining of
environment); individual properties of TrS partpermissible values of Y);
including geometry parameters of parts and 6) selection of rational composition and
friction surfaces (macro- and micro-geometryjtructure of surface layer of TrS parts (it must
and properties of main material; lubricantake into account existing analogues and also
properties (volume and surface propertiestructure — properties correlation’s);
chemical and physical, etc.); aggregate 7)determination of direction of surface
properties of lubricant and TrS parts (adsorptiofirengthen treatment of friction surface of TrS
properties, moistness, etc.); lubrication mann®@rts: or surface layers modification, or coating
influencing at first on techniques and lubricatiofl€position or their combination;
type; properties of surrounding environment 8) determination of list of possible physic-
(chemical composition, corrode influencechemical methods of surface strengthen
humidity, temperature, pressure, etc.); externfatment, ' .
influences on TrS (kinetic — sliding (rolling) 9) preliminary selection of optlmal'methods
velocity V, hydrodynamic velocity; dynamic _of_su_rface streng_th_en t_reatment by_usmg elected
mechanical force, pressure P, electric fielgitérions of optimisation and maintenance of
parameters; thermal — temperatfte thermal demanded technique-economical limitations;

flow, thermal gradient); technological 10) experimental test of surface strengthen

limitations on TrS parts treatment (shape antr atment in laboratory or empirical-industrial

) : N .(f‘onditions;
sizes of parts and surfaces, materials, variability 11) preliminar roiection of operation
of properties, technological heredity, etc.); X y prol P

. ) . . “Inethods of surface treatment — equipment,
managerial and economical limitations (require

- . . Special technological rigs, technological
productivity, presence of equipment, mate”alﬁariables technological environment, the

energy sources and others, sanitary, hyg'erf'gcilities of mechanisation, robotisation and

and ecological demands, permissible EXPENSERtomatisation, methods of management and

etc.); L ) _ control, technico-economical comparison of
2) determination of TrS parts interaction a{)peration variants:

static and dynamic conditions (adhesion,” 19y gjarification of relationships between

adsorption, chemosorption, oxidation, CorrOSiorbperation technology of surface strengthen

?nlfflismnt,t_nelastlcr tStrr]".’lr']n' p![?stltcrdefc;]r(;natlr? Ntreatment and manufacturing procedure of TrS
crocutting, - sc ac. Ing, structure and p as;?arts production; correction of structure for both
transformation, etc.);

3) development of scheme of TrS actiorProcesses for purpose of their optimisation;

including preliminary determination of TrSt 1t3) fm;al S(tergez['ond oflsurfaC(te ?trengthen
characteristics for describing of input valués reatment methods, development of measures

transformation in output values for rellabllllt'y of maintenance .Of demanded
characteristics of technological process;

{X}={P,V.9}={Y}={R.Z,R}, development of project of processing system of
whereF; is friction resistance, surface treatment.

Z is wear and seizure, The selection of optimal methods of surface

P; is accompany processes; strengthen treatment usually realizing by using

4) development of models of friction andof technical criterions as securing of TrS
wear process of TrS parts (physicallribotechnical characteristics accordance to

mathematical, imitative, analogue); demanded one (fig. 2).
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Fig. 2. Scheme of selection of optimal methodsusfage strengthens treatment:
A — development of tribological system not havimglagues;

B — selection of new friction pair for instead mitdate one;

C — selection of friction pair for weak-loaded tygli tribological system;

D — improvement of typical tribological system;

E — replacement of friction pair by new serial one;

F — determination of inter-repair cycle.

0 — calculation and experimental determinatiorribbtechnical characteristics;
1 - research test at determined parameter;

2 — boundary research test (at extremes conditions)

3 — model research test;

4 — defined nature test;

5 — exploit test
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In case of presence some equivalent surfaceThose multiplicity of possible variants of
treatment variants on tribotechnicaktontact in case of only one-phase surface layers
characteristics for the final selection is useid allowed by choice of composition of surface
economical criterions. The system of selectiolayers materials and their structure to control the
of optimal surface strengthen treatment amguality of physical contact of friction pairs, in
including the scheme of TrS action and databaparticular the size of real contact area,
of multitude of surface strengthen treatmenhclination to forming of desirable secondary
classes and methods characteristics. Preliminaftyuctures in process of friction, properties of
by using technological limitations, other initialthird (intermediate) substance, fatigue wear
data and data base one could select ygsistance, etc.
recommended groups of parameters of surface|n reality the factual variety of possible

layers quality which promoted the weagontacts of one-phase layers is considerably
resistance increasing. The next would be thfore inasmuch as the friction processes
selection of respective methods of surfacgepends not only from chemical composition of
strengthens  treatment, which allowed thggniacted surface layers, but also from their

control of desirable parameters of surface laygfrycture and energetic parameters, including
quality. Then by use of early developed modeli;¢ shape and character of mutual orientation
of friction and wear for the this TrS is maklngof grains; structure and  strength  of

more detailed valuation of selected dec's'Of(r\tercrystalIine boundaries; the level of strain

mcludmg . calculatllon and eXpe”me.nt.alhardening; type of crystal lattice; mechanical
determination of tribotechnical characterlstlc?roperties. surface properties, etc

and following test of TrS. The use of differen The creation on one or both friction surfaces

meth_ods of surface st_re_n_gthen treatment #)% layers with composite structure lead to
opening the vast possibilities of control o o : . .

. . . —essential increasing of possible variants of
friction surfaces contact Inter‘r’mtlonfriction surfaces contacts and to appearance of
independently from composition and structurgOme new phvsic-chemical hepnpomena in
of main materials of TrS parts. pny b

Depending on kind of aggregate rocess of friction. The peculiarities of contact

contacting surface layers of friction pairs it iénteracttlog of.thsuch flrt'Ct'On pairs at _first ;
possible to divide them on three classes: connected Wi simultaneous — presence - o

_ contact of two one-phase surface layers: contact aggregate between friction surfaces. But

_ contact of one-phase layer and composi{ge description of friction zone in contact of
structure surface layer: such surface layers is demanding the use of

_ contact of two composite structure surfacg®mplex of special parameters.
layers. Conclusion

Only in case of contact of one-phase surface Th h to the devel I q
layers the common number of possible variants € approach fo the development an

of contacts is very high and could be evaluate%?ge‘lzt'o,n |°f surface ;trengthgn tlreatmenr: Lor
by next equation tribological purposes have to involve methods

of system analyses. The tribological system
K., =2(*+m*+g°)-3(n+m+q)+ work-pierces and friction surfaces functions
must be accurately defined in functional,

+6+2(nm+ng+mq) technological, economical, ecological and other

wheren is a number of simple substances, respects. The proposed strategy has the potential
mis a number of two- and many-componerfor simplifying selection and design of coatings
solid solutions, and/or surface layers and reduction of

q is a number of two- and many-componerdevelopment time for new tribological systems
chemical compounds. and/or improvement of existing ones.



96 SSN 1813-1166. Proceedings of the NAU. 2010. N3

But the subsequent laboratory tests at several4. Budinski K.G. Surface engineering for
levels must be also completed. Development afear resistance / K.G. Budinski. — New York,
computer modeling methods for selection oY, Prentice Hall, 1988.
surface engineering processes and experts5. Fundamental economical aspects of
systems for developing of surface engineerininctional coatings for tribological applications /
technology for particular application isc. Friedrich, G. Berg, E. Broszeit, C. Berger //
necessary. The system approach could be alsgrface and Coatings Technology.— 1998. —
useful for development of new tribologicalgg-g16-822.
coatings and surface modification methods. g gachowiak G.W. Engineering Tribology.

However a lot has still to be don_e for. econd Editon / GMW. Stachowiak,
development of methodology of selection o W. Batchelor. — Butterworth-Heinemann
optimal methods of surface engineering ang-n -, ' '

their improvement. 01.

7. Bhushan B. Handbook of tribology.
References Materials, coatings, and surface treatments /

1. Holmberg K. Coatings Tribology. B. Bhushan, B.K. Gupta. — McGraw-Hill,
Properties, Techniques and Application§c; 1991.
in Surface Engineering / K. Holmberg8. INO-A WWW information system for
A. Matthews. — Elsevier Science B.V. -nnovative coatings and surface technology /
Amsterdam, The Netherlands, 1994. K. Schiffmann, M. Petrik, H.J. Fetzer et al. //
2. Hocking M.G. Metalic and Ceramic Surface and Coatings Technology2002. —
Coatings. Production, High Temperaturd53:217-224.
Properties and Applications / M.G. Hocking, 9. Sedlacek M. Tribological properties of
V. Vasantasree, P.S. Sidky. — Longman GroupLC coatings and comparison with test results:
UK Limited, London. 1989. Development of a database / M. Sedlacek,
3. Larsen-Basser Jorn. Surface engineeringB. Podgornik, J. Vizintin // Materials
and the new millennium / Jorn Larsen-Basser ¢haracterization,  doi:10.1016/j.matchar. —
Surface Engineering, 1998. — 14:81-83. 2007. — 2006.12.00.

The editors received the article on 15 June 2010.



