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Abstract

The strategy and methodology for selecting of optimal surface treatment for a given tribological
application are the main objectives of study. The classification of main methods of coating processes and surface
modification is given. The scheme of development of operation technology of surface treatment and coating
deposition is proposed. The main initial data: the structure of tribological system (TrS); individual properties of
TrS parts; lubricant properties; method of lubrication of TrS parts; properties of surrounding environment;
external influences on TrS; technological limitations on TrS parts treatment; managerial and economical
limitations. The selection of surface technology method is including the next successive steps: the preliminary
analysis of TrS part interaction; development of models of friction and wear process of TrS parts; the choice of
rational values of parameters of surface layers of TrS parts; the choice of rational composition and structure
parameters of surface layers of TrS parts; the choice of rational technological route and methods of surface
treatment of TrS parts; the experimental examination of surface strengthened materials and TrS and correction of
surface treatment technology.\
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Introduction

The use of surface engineering methods in tribological applications is growing and will continue to grow
as evidenced by a literature survey [1-9]. Surface treatment as coatings and films deposition and modification of
surface layers can offer certain economic and technical advantages over the use of materials without the surface
strengthen treatment. Their main advantage is that strengthen surface layers allow the base material of
tribological system (TrS) parts to be optimized for strength purposes while the surface layer is optimized for
reducing wear and increasing corrosion resistance, promoting film lubrication, enhancing lubricant effectiveness,
modification surface function, etc. Furthermore, replacing the surface layer by coating deposition during repair
may be more cost effective than new TrS part manufacture. But the principal disadvantage in using coatings
concerns the possibility of separation from the base material of TrS part during use. While the discussions to
follow emphasize the considerations important in the selection of tribological surface treatment, it should be
noted that other alternatives might exist for any particular problem. This could involve, for example, use of a
more effective lubricant, or a redesign of the tribological system elements, use of more effective methods of
lubrication, development of new or use of improved materials, etc.

Classifacation of surface engineering methods

Many technological methods and processes of surface engineering are available for the modification of
surface characteristics. Tribological surface treatment methods are used for different purposes: 1. Replace
surfaces by coatings and films deposition; 2. Surface modification (surface alloying and/or microstructure is
altered); 3. Combination of methods for coating deposition and surface modification. A wide variety of surface
modification methods are available for tribological purposes. The main categories are: 1. Modification of surface
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layers in process of shaping processing; 2. Heat (volume) treatment; 3. Surface heat treatment; 4. Treatment by
surface plastic deformation; 5. Surface thermomechanical treatment; 6. Surface alloying; 7. Chemical and
thermochemical treatment, including microarc oxidization; 8. lon implantation; 9. Formation of surface layer
composite structure by introduction of hardening phase particles; 10. Others and hybrid methods.

Resurfacing essentially replaces surface layer of base material (or previously deposited coating) with
another having presumably more desirable friction and wear properties. Usually the new surface is harder than
the surface replaced but not always. A wide variety of coating compositions is available. Each of these
compositions can be applied by a variety of processes. The main categories of coating deposition processes are:
Electroplating; Electrophorus; Electroless plating; Welding; Thermal spraying; Physical Vapor Deposition;
Chemical Vapor Deposition (CVD); Immersion on melt; Electro-spark alloying; Electro-magnetic alloying;
Bonding of powder layers; Solid phase plating (bonding of plates); Painting; Continuous deposition of films in
process of friction (rotaprint, from environment, etc.) ; Others.

Some of these application processes are very simple and inexpensive such as painting. Others are very
complex either requiring vacuum processing or requiring a series of treatments and pretreatment. Some of them
can be applied in the field while others can only be applied at particular facilities. There is no shortage of
tribological coatings and surface layers to try for almost any need. The primary problem that exists is knowing
what surface treatment to select for any given application. A related problem is that surface treatment developers
often do not know where their coatings should be used or what coating or kind of surface modification to
develop to meet a particular need. There is a need for a strategy or methodology for selecting a surface layer
composition and structure and methods of their obtaining for a given tribological application. In this paper such a
strategy is proposed and elements of that strategy are discussed.

Sold surface characteristics

The difficulties of selection of surface treatment methods are connected with very large number of
parametric variables of solid surface quality, which could be described by next ensemble of characteristics

KoG, UG, uS, uS, uPh, UPh, UCh, UCh, UDf, UDf, LSt U O
w St U Pmp, w Pmp, U Ptp, UPtp, U....,

where G,, is ensemble of characteristics, which are characterized the geometry parameters of external

surface of strengthened layer and in its turn could be characterized by ensemble G, © G, W G,

G,,, and G, are ensembles of parameters of waviness and roughness of surface correspondingly;
G, is ensemble of parameters, which are characterized the geometry parameters of internal surface of

strengthened layer (or coating) and in its turn could be characterized by ensemble G, © G,,,, W G, ;
S, and S are ensembles of parameters, which are characterized the geometry configuration inaccuracy
of surface of strengthened layer (or coating) and its interface with main material correspondingly;

Ph_and Ph, are ensembles of parameters, which are characterized;
Che and Chs are chemical composition; St and St, are ensembles of parameters, which are

characterized the structure; Df and Df_ are ensembles of parameters, which are characterized the
deformation;

Pmp, and Pmp, are ensembles of parameters, which are characterized the physico-mechanical
properties; Ptp.and Ptp, are ensembles of parameters, which are characterized the thermophysical properties;

indices ¢ and s are for strengthened layer (or coating) and structure of near-surface layer of main material and/or
transition zone respectively.

For search of optimal solution of particular tribological problem it is necessary to manifest the ensemble
of parameters, which characterized the assembly and friction surface working conditions

TrS S EUC, UL, UF UM_ UW,, (2

where E is ensemble of characteristics of TrS work pieces;
L, is ensemble of characteristics of linking between work pieces;

F is ensemble of kind of friction and its main characteristics;
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M . is ensemble of mutual shifting of TrS work pieces;

W, is ensemble of wear characteristics of TrS.

For dataware of choice of surface treatment method it is necessary to elaborate the ensemble of parametric
variables of solid surface quality, which influenced on wear-resistance at different kinds of wear and
recommended for control of wear-resistance

QPSS, oG, UG,,; US,; US, UPh; UPh; UCh; UCh; UDf; UDf; USt; U (3)
v St U Pmp,; W PmMp; UPtp,; UPtP, L.,

[1332)
1

where index mark “i” is given for certain kind of wear. \

Furthermore, it is necessary to elaborate the ensemble of parametric variables of solid surface quality,
which possible to control at each method of surface treatment and to determine the limits of these control.

QPSS 26, UG,; US,; US,; UPh, UPh; UCh, UChy LDf; UDf; USt; U
U Sty U Pmp,; L Pmp, UPtp, UPt, ...,

(4)

where index mark “j” is given for certain kind of surface treatment.

Methodology surface engineering methods selection

Coating deposition and surface modification have rapidly evolved in recent decades from simple and
traditional methods to extremely sophisticated technologies. These developments are part of an effort to
eliminate the limitations imposed by oil-based lubrication and the process of an effort to eliminate the limitations
imposed by oil-based lubrication and in the process are changing the general perception of the limits of wearing
contacts [6]. Knowledge of the mechanisms behind these improvements in lubrication and wear resistance is, in
most cases, very limited. The methods employed in most studies on surface coatings and modification are
empirical and there is relatively little information available on which surface technology is the most suitable for
a particular application. Prior to selecting the coating material and technological method it is necessary to
determie the prime objective which could or be to reduce friction or suppress wear or both. During the selection
of the most effective surface material and process to supress wear in a particular situation, the prevailing wear
mechanism must first be recognized and assessed.

In the last years, a lot of research is being carried out in field of tribological coatings and surface
treatment, and although they are being increasingly used in practice, little is still known about their properties
and their tribological behaviour, especially for new advanced surface technology. Different types of coatings of
the same composition have different mechanical and tribological properties, depending mainly on the type of
deposition process and substrate material. Furthermore, due to the specific test methods and conditions for given
applications or research facilities of an organization, it is seldom possible to compare the results obtained by
different researches. Selection of a coating-material and coating-process combination for a specific substrate can
be complex. There are a great number of possible combinations, not all of which lead to satisfactory solutions
[1,6-9]. To overcome these problems, the strategy and methodology for selection of optimal tribological coatings
and surface treatment for a given application are proposed.

The selection of types of surface strengthen treatment include following stages as shown on figure 1:

1) study of initial data including: composition and internal relations of TrS (parts; relations between them;
lubricant; surrounding environment); individual properties of TrS parts including geometry parameters of parts
and friction surfaces (macro- and micro-geometry) and properties of main material; lubricant properties (volume
and surface properties, chemical and physical, etc.); aggregate properties of lubricant and TrS parts (adsorption
properties, moistness, etc.); lubrication manner influencing at first on techniques and lubrication type; properties
of surrounding environment (chemical composition, corrode influence, humidity, temperature, pressure, etc.);
external influences on TrS (kinetic — sliding (rolling) velocity V, hydrodynamic velocity; dynamic — mechanical

force, pressure P, electric field parameters; thermal — temperature 4, thermal flow, thermal gradient);
technological limitations on TrS parts treatment (shape and sizes of parts and surfaces, materials, variability of
properties, technological heredity, etc.); managerial and economical limitations (required productivity, presence

of equipment, materials, energy sources and others, sanitary, hygienic and ecological demands, permissible
expenses, etc.);
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Fig. 1. Scheme of development of operation technology of surface strengthen treatment

2) determination of TrS parts interaction at static and dynamic conditions (adhesion, adsorption,
chemosorption, oxidation, corrosion, diffusion, elastic strain, plastic deformation, microcutting, scratching,
structure and phase transformation, etc.);

3)\development of scheme of TrS action, including preliminary determination of TrS characteristics for
describing of input values X transformation in output values Y

{X3={P.V. 9 }={}={FR.Z,R}, ©)
where F, is friction resistance, Z is wear and seizure, P, is accompany processes.

Q) development of models of friction and wear process of TrS parts (physical, mathematical, imitative,
analogue);
2 determination of rational values of parameters of surface layers properties by using models of friction
and wear (by obtaining of permissible values of Y);
3) selection of rational composition and structure of surface layer of TrS parts (it must take into account
existing analogues and also structure — properties correlation’s);
(@) determination of direction of surface strengthen treatment of friction surface of TrS parts: or surface
layers modification, or coating deposition or their combination;
(5) determination of list of possible physic-chemical methods of surface strengthen treatment;
(6) preliminary selection of optimal methods of surface strengthen treatment by using elected criterions of

optimisation and maintenance of demanded technique-economical limitations;
(7) experimental test of surface strengthen treatment in laboratory or empirical-industrial conditions;
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(8) preliminary projection of operation methods of surface treatment — equipment, special technological rigs,
technological variables, technological environment, the facilities of mechanisation, robotisation and
automatisation, methods of management and control, technico-economical comparison of operation variants;

(9) clarification of relationships between operation technology of surface strengthen treatment and
manufacturing procedure of TrS parts production; correction of structure for both processes for purpose of their
optimisation;

(10)final selection of surface strengthen treatment methods, development of measures for reliability of
maintenance of demanded characteristics of technological process; development of project of processing system
of surface treatment.

The selection of optimal methods of surface strengthen treatment usually realizing by using of technical
criterions as securing of TrS tribotechnical characteristics accordance to demanded one (figure 2).
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Fig. 2. Scheme of selection of optimal methods of surface strengthens treatment.

Situation: A — development of tribological system not having analogues; B — selection of new friction pair for
instead out-of-date one; C — selection of friction pair for weak-loaded typical tribological system; D — improvement of
typical tribological system; E — replacement of friction pair by new serial one; F — determination of inter-repair cycle.
Stages of selection: 0 — calculation and experimental determination of tribotechnical 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

In case of presence some equivalent surface treatment variants on tribotechnical characteristics for the
final selection is used economical criterions. The system of selection of optimal surface strengthen treatment are
including the scheme of TrS action and database of multitude of surface strengthen treatment classes and
methods characteristics. Preliminary by using technological limitations, other initial data and data base one
could select a recommended groups of parameters of surface layers quality which promoted the wear resistance
increasing. The next would be the selection of respective methods of surface strengthens treatment, which
allowed the control of desirable parameters of surface layer quality. Then by use of early developed model of
friction and wear for the this TrS is making more detailed valuation of selected decision including calculation
and experimental determination of tribotechnical characteristics and following test of TrS. The use of different
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methods of surface strengthen treatment is opening the vast possibilities of control of friction surfaces contact
interaction independently from composition and structure of main materials of TrS parts.
Depending on kind of aggregate of contacting surface layers of friction pairs it is possible to divide them on three
classes: 1) contact of two one-phase surface layers; 2) contact of one-phase layer and composite structure surface layer; 3)
contact of two composite structure surface layers.
Only in case of contact of one-phase surface layers the common number of possible variants of contacts is very high
and could be evaluated by next equation

Ky =2(n* +m? +g%)—3(n+m+q) + 6+ 2(nm+ng + maq) (6)

where N is a number of simple substances, Mis a number of two- and many-component solid
solutions, ( is a number of two- and many-component chemical compounds.

Those multiplicity of possible variants of contact in case of only one-phase surface layers is allowed by
choice of composition of surface layers materials and their structure to control the quality of physical contact of
friction pairs, in particular the size of real contact area, inclination to forming of desirable secondary structures in
process of friction, properties of third (intermediate) substance, fatigue wear resistance, etc.

In reality the factual variety of possible contacts of one-phase layers is considerably more inasmuch as the
friction processes depends not only from chemical composition of contacted surface layers, but also from their
structure and energetic parameters, including size, shape and character of mutual orientation of grains; structure
and strength of intercrystalline boundaries; the level of strain hardening; type of crystal lattice; mechanical
properties; surface properties, etc.

The creation on one or both friction surfaces of layers with composite structure lead to essential
increasing of possible variants of friction surfaces contacts and to appearance of some new physic-chemical
phenomena in process of friction. The peculiarities of contact interaction of such friction pairs at first connected
with simultaneous presence of contact aggregate between friction surfaces. But the description of friction zone in
contact of such surface layers is demanding the use of complex of special parameters.

Conclusion

The approach to the development and selection of surface strengthen treatment for tribological purposes
have to involve methods of system analyses. The tribological system work-pierces and friction surfaces functions
must be accurately defined in functional, technological, economical, ecological and other respects. The
proposed strategy has the potential for simplifying selection and design of coatings and/or surface layers and
reduction of development time for new tribological systems and/or improvement of existing ones. But the
subsequent laboratory tests at several levels must be also completed. Development of computer modeling
methods for selection of surface engineering processes and experts systems for developing of surface
engineering technology for particular application is necessary. The system approach could be also useful for
development of new tribological coatings and surface modification methods. However a lot has still to be done
for development of methodology of selection of optimal methods of surface engineering and their improvement.
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Xapaamos 10.0., Jlonara JI.A., Bpycuiio 10.B., T'onoBamyx M.B. Bu6ip i po3po6ka TpruOoaorivHoro
MOKPHTTS

CraTTa mpUCBAYCHA CTpATETrii Ta METOJOJOTii BUOOPY ONTHMAaIbHOI MOBEPXHEBOI 0OPOOKH I meTaneit
By3miB TepTsa. JaHo kimacu(ikamiro OCHOBHHX METOJIB HAHECCHHS IOKPHUTTIB Ta IOBEPXHEBOI 3MIITHIOIOUO1
00poOKH. 3amporoOHOBaHO CXEMYy pO3pOOKH OmepariiiHol TexXHOJOrii MOBEepXHEBOI OOpOOKH Ta HaHECEHHS
moKpUTTiB. OCHOBHIMH BUXiTHIMH JaHUMH €:

- CTpyKTypa TpubosorigHoi cucremu (TrS); iHINBiAyaNbHI BIaCTHBOCTI elIeMeHTIB TIS;

-BJIACTHBOCTI MacTWJIBHOTO MaTepiaily; METOJ 3MallyBaHHs |IS; BIACTUBOCTI TOBKUUIS; 30BHIIIHI Jii Ha
TrS;

- TEXHOJIOTIYHI 0OMEKEHHsI Ha 00poOKy neraneit TrS;

- Oprasi3amniiiHi Ta EKOHOMIYHI OOMEKCHHSI.

Bubip MeTony moBepxHEBOI 00POOKH 3MIHCHIOETHCS BUKOHAHHIM HACTYITHHUX MOCIITOBHUX CTAIIiB!

1) nonepeaniii ananis B3aemoii aetaneit TrS; \

2) po3pobka Moernell mpoLeciB TepTs Ta 3HOCY AeTtajiei TrS;

3) BubIp ckiamy, CTPYKTYpH Ta paliOHAIbHUX 3HAYEHb ApaMeTPiB MOBEPXHEBHX MIAPIB Aertanei TrS;

4) BuGip parioHaIbHOTO MAPUIPYTy Ta METO/IIB MOBEPXHEBOT 00poOKH neraneit TrS;

5) ekcneprMeHTaNbHA TIEpPEeBipKa MOBEPXHEBO 3MIIHEHUX MarepialiB Ta TrS Ta mojaliblie KOPUTyBaHHS
TEXHOJIOTI1 MOBEPXHEBOTO 3MillHEHHSI.

KarouoBi cjioBa: TMOKpUTTS; KOHTaKTHA MOBEPXHS Mapbl TEpPTs, IH)KEHEpis IOBEpPXHi; TpuOOJOriuHa
cucTeMa



