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DETERMINATION OF TRIBOLOGICAL CHARACTERISTICS USING SURFACE TEXTURE
PARAMETERS

0. Linins, J. Krizbergs, |. Boiko

Riga Technical University, Riga, Latvia, _
ph.: (+3712) 603-71-58, fax: (+3716) 708-97-39, e-mail: innaboyko@inbox.lv

The present methodalogy of lifetime prediction of details is based on approach for linear wear intensity deter-
mination using 2D roughness parameters. But in practical applications machine parts surface roughness behaves
as a 3D object. Therefore it is necessary to create a new theoretical and practical basis for machine Daﬂ_S surface
assessment as a 30 quantity [1, 2]. Recently a draft standard [ISO 25178-2] developed by the 1SO Technical Com-
mittee proposes the definition of areal parameters as an extension of the well-known profile parameters. _

However, only a few studies try to link the surface roughness with functional requirements [3-5). _Th'-‘-‘ aim
of this work is to propose a methodology of lifetime prediction of details by new approach for linear wear intensity
determination using 3D surface roughness (texture) parameters. For gualitative evaluation of the wear process the
linear wear intensity (1), which may be determined separately for the plastic and elastic contact, is commu_nly ys:‘-d.
Since the elastic contact is mainly required in pairs of details in mechanical engineering in these paper this kind of
contact was examined,

In our research, the random surface model was used. The surface machined with abrasive insln_.lmelﬁs
(grinding, polishing, honing, etc.) has the irregular shape of surface roughness, which can be described with ran-
dom function. Irregular surface is expressed by a random field h (x, y) of two variables x and y which are Cartesian
coordinates of a surfaces point, where the height of roughness asperity h (x, y) has a narmal probability dismb_utmn.

In wear research the probability theory was used. Further in deformed volume calculation, as well as in de-
termination of the length of the surface’s contact the 3D surface roughness parameters we used. The strong cormela-
tion between 3D roughness parameters Sa (average absolute deviation of the surface) and Str = Rsm /Rsm, (tex-
ture aspect ratio of the surface) was revealed.

As a result of research, the methodology of lifetime prediction of details by new approach for linear woar
intensity determination using 3D surface roughness parameters was elaborated and proposed. The formula which
is on the base of elaborated methodology is the following:

£y 1 Elvmimr)-E{Spd] 0
" E{n}-E[Smr(c)}

A

where E — mathematical expectation; A, — nominal area of contact; Vm(mr) — deformed material volume of the de-
tail; n — number of loads until material will be damaged; Spd — peak density ; Smr(c) — surface bearing area rati.
After some simplifications we obtain fellowing formula far engineering calculation:

1
Sa-Str-f) .. A i2)
Lok | ST | geenth,
" F[Rsm1~an]a qA,

where A_— contour area of contact; o, { — material fatigue strength parameters; f- friction coefficient; k, - coefficient

—
! Ep — elastic constant of

depending on Strand £, g — load; - Poisson coefficient, £ - Young's modulus and © =
a material.

Analysis of (Eq. 2) shows, that more influential on wear in- |,
tensity are the surface roughness parameters. But since the strong 10~
correlation between 3D roughness parameters Sa (arithmetic mean
height) and Sir = Rsm /Rsm, (texture aspect ratio of the surface) was 3t
revealed in [B], for example Rsm = 35:eé™, 0,1 < Sa < 2.5, this influ-
ence practically decrease and more important role play mechanical
properties of surface material (Figure). 2

Correlation between friction coefficient and surface roughness
Parameters exist as well. Friction coefficient according to [6] can be

found for one asperity as follows: 1
T 2A-oc
f=_-= E. 3
N A; o i

: . i o 40 0 A%
where: T— tangential load; N - normal load; A, — cross-sectional area W w0 X 0 I
of surface asperity; A, — longitudinal section area of surface asperity;

o, — tangential stress: a, — normal stress.

i

Influence of parameter change (A “]on
waar intensity Ih for the elastc ~ontact



Taking into account that Sg = Jg -Sa, we have combined formulas characterized the (Eqg. 3) and obtained

the following expression for friction coefficient:

{j%;e%f ~y[1-o(y)] }11-{14-3:3}. &

C 4
k, T-o0)] Rsm, @

f=

Eq. 4 shows, that the decreasing of arithmetic mean height Sa or increasing of Rsm,, which leads to more
flat asperities, i. e. smoother surface, at the same time leads to decreasing of the friction coefficient £. It is known,
that decreasing of friction coefficient decreases the wear intensity and increases the lifetime of details respectively
(Figure).

After calculation of linear wear intensity Ih, it is possible to estimate lifetime of wearing details. We propose
to use the following methodology:

1. It is necessary to define the 3D surface roughness parameters and mechanical properties of surface
materials of friction details.

2. Then the wear and fatigue characteristics have to be defined.

3. It is necessary to establish design characteristics of friction surfaces.

4, After analyzing of exploitation conditions of details the maximal allowable value of linear wear h . should
be defined.

5. Then the linear wear intensity |, should be calculated using (Eq. 2) and taking into account correlation
between 3D roughness parameters Sa and Sir = Rsm /Rsm, as well as correlation between friction coefficient and
surface roughness parameters (Eq. 4).

6. After calculating of linear wear intensity /,, it is possible to estimate the wear path L.

7. Knowing the wear path L for each specific friction pair with constant moving speed V the lifetime of wear-
ing details T, can be calculated.

It is obvious that in proposed methodology only standard surface roughness parameters as well as physical
and mechanical properties of surface materials are used. Together with 3D roughness parameters applying this as-
pect is build up main advantages of proposed methodology. The results of this work have wide practical application,
for example in design, texture specification on drawings etc.

The example of calculation according to proposed methodology is offered below. Goal of calculation is the
lifetime prediction for face surface of a pin and disk (material — steel C45, «steel on steels) in the case of elastic
contact:

1. Parameters of microgeometry of a finger surface: Sa = 0.5 pm, Rsm, = 0.15 mm, Sir = 0.25. Physica
and mechanical properties of a finger material are the following: E = 2.1:10° MPa, p =0.27, thu:

@11 1-027 . 4.10°mPa,

2. Wear and fatigue characteristics of friction surfaces: o, = 1050 MPa, t=8, f=0.05.

3. Design characteristics of friction surfaces: rated pressure g = 1.3 MPa, Ac = 0.1 Aa, V=0.15 m/min.
4. Maximal allowable value of linear wear. h___ = 0.10 mm.

5. Linear intensity of wear:

i ]
I, = ks Sa-Sir-f g‘-lqi=141.1g‘1. 05-025-005) " 0.44-10°)" -13.01=135.10"
A,

Rsm, -a, 150-1050
0.10
B. Wear path: L = o . _910___7 10'mm.
L I, 135.10"
i ; : L 7-10° i
7. Lifetime of wearing details: T, = T e 4660000 min = 20 years.

This work has been supported by the Latvian Council of Science within the Project Nr. 10,009 «Elaborati
of technology for obtaining of the multicomponent nanosturctured protective coatings for the industrial products»
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