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Calculation of 3D Texture Parameters
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Abstract — The nature of the surface roughness is a result of
mechanical processing, which can be described by random of two
variables. 3D surface roughness parameters are determined by
simple rough surface model. Two types of surface contacts were
examined: plastic and elastic to calculate the contact resistance in
welding and wear intensity. The Oscillating rolling machining
influence on the surface state was determined and the model of
surface simulation and the equation of surface texture height
were offered.
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I. INTRODUCTION

At present surface roughness profile parameters are
determined by standards. At the same time different
exploitational properties of details are determined with the
help of 3 dimensional image - microtopography.

In microtopography surface roughness is expressed by a
random field h (x, y) of two variables x, y - Cartesian
coordinates of a surface point.

Let's consider an irregular roughness, which is described
by a normal homogeneous random field. Correlation function
of the field is uninterrupted and has uninterrupted derivatives.
This kind of roughness model lends itself to survey
anisotropic surface as well.

I1. INITIAL SURFACE PARAMETERS

To characterize the surface roughness according to the
above mentioned model the following parameters are
necessary (omitting the substantiation) [1]:

e rms deviation of the surface o;

e average roughness steps in the direction of x and y —
Sml, Smy (Sm2>Sm1);

e average steps between the tops of elevations in the same
directions — Sy, Sz (S2>S1).

Surface structure parameter cross section is convenient for
use:

A=E{s}/E{Sm} (1)
As well as anisotropy parameter of rough surface:
c=E{sm,}/E{sm, | ¥

For normal field 0 <1 <2(2/3)¥? and 0<c<1, if c=1 the
field turns isotropic.

All the other microtopographic parameters are derived
from these initial parameters.

I1l. MICROTOPOGRAPHIC PARAMETERS

Let's consider their calculation without proving the
equations based on the integration of multidimensional
distribution of a normal field.

The mean arithmetical deviation of the surface roughness:

1
Ra= AJ;i"h(x, y)|dxdy, 3)

h (x, y) - deviation of random surface from the
average;
A - area of the region under investigation 2.

where

Mathematical expectation of this parameter:
E{Ra}=(2/7)"?c (4)
Surface top elevation height, mathematical expectation:
Ehy |=240/ /7 (5)

Highest elevation height, mathematical expectation [2]:

EH, . |-20 In[ElNg, }e) (6)

E{N,;} - number of zeroes in the direction of x axis
within the confines of the route under consideration.

where
Number of surface elevations. The average is above the level
y=ulo:

EN, |=kyexp(-2/2), )
where k =-/27 J(E{Sm, }-E{Sm,}). (8)
Number of summits. The average number of summits on a

surface unit:
27 c
EM, (="~ 9
{ p} 3.3 E?{s,} ®)

Relative base area. It’s mean value on the level y =u/o

Ey, f=1-0() (10)
1 VA
where ®(y)=— -[exp(—tZ/Z)dt : (11)
27 c
Elevation curvature. Asymptotic dependence of the main
elevation curvatures above vy level:
Efk, }= 2720y IE?{Sm,}; Bk, }=27%0y IE?{Sm,}  (12)

Surface gradients. Mathematical expectation
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EN, }= 7% %1+ c?)/E{Sm, } (13)

Surface area. At sharp angles of elevation side inclines (less

than 30°):
E{S}=1+z%c%(1+c?)/E*{Sm, } (14)

Elevation volume of surface roughness above the level
y=ulo:

EM}WA{%NZ’Z —y[l—@(y)]} . (15)

where A - nominal
consideration.

area of surface region under

The given expressions of some microtopographic
parameter mean values show that for the given model they are
rather easily expressed by initial values. Dispersions have been
elaborated for these parameters necessary for the solution of
metrological problems for the choice of the measurement
regime.

IvV. METHODS OF EXPERIMENTAL MICROTOPOGRAPHIC
REGULARITIES DETERMINATION

Surface roughness parameters can be obtained by sectional
methods. For a general profile anisotropic surface
determination five sections are sufficient with a definite
orientation from x axis. E.g. o, n(0), m are determined by
section p=0° and n(0) and m are determined by ¢=45° 90 °
and m by ¢~30%nd 135°(n(0) and m are the numbers of
zeroes and maxims for a unit of route length).
Microtopographical parameters can by calculated on the basis
of the initial parameters drawn from the sections. Directional
anisotropy rough surfaces contain their main information
across three sections with the angles 0°, 30° and 60° to X
axis. Isotropic surfaces contain all their information in one
randomly orientated section.

For a detailed microtopography study a measuring system
has been elaborated, which consists of a two-coordinate table,
a counter and a connecting block integrating this system with a
computer into a common mathematical softwear circuit.

Such a system ensures 3D recording of roughness and
surface micromap in terms of isoline tops and the numeric
values of tops and steps as well as microelevation shape
parameters.

V. METHODICAL ASPECTS

The number of essential measurements  for
microtopographical parameter determination is much
smaller when compared with the corresponding profile
parameter measurements to achieve the same accuracy.

It is due to the fact that relatively larger amount of
information is derived from the surface area element rather
than from the route profile. So, for example, five times more
measurements are necessary for profile determination on the
basis of parameter Ra than by microtopographical
evaluation. Parameter 7, gives even greater difference. Ra is
the most constant parameter in terms of reliability and
precision if compared with other parameters.
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It can be compared with other parameters as follows:

NRa My, 1Ny =1:8:16,(y=10) (16)

np - compulsory number of measurements for
parameter p to ensure the given precision.

where

V1. CONNECTION WITH EXPLOITATIONAL
CHARACTERISTICS

The elaborated rough surface microtopographical
parameters lend themselves to creating methods for the
calculation of various exploitation characteristics.

Let's consider some characteristics connected with rough
surface contact interaction. The dependencies given below are
simplified for engineers' practical usage [3].

Contact area. Depending upon the properties of the
contacting surfaces the contact area can be formed due to
plastic or elastic deformation of elevations. Let's consider
rough and smooth surface interaction. With predominantly
plastic contact of irregularities the mean area contact value is
determined from the solution of two equations:

M1 =1=B(y)

pl n-2 (17)
Opi = kq Hy(Ralsml) F, (y,n), (y210)

n="A~lA relative contact area, determined in
relation to real Ar and nominal A, area;

q = P/ Aa mean pressure on the nominal area;

H . - surface layer microhardness;

kqpI - table constant on the basis of roughness

where

anisotropy;
n - surface layer solidification coefficient;
F(y,n) - table function of parameters y and n.

In the case of utmost inclined surfaces when n= 2.0 we
get:
e =0q/H, (18)

With predominantly elastic elevation contact the following
equation is used for contact area evaluation:

el = kr/ [1_ @(y)]

Ra (19)
— kel = F
Qe 9 5mp 1(7)
where  k,, kg' - table coefficients dependent on roughness
anisotropy;

F, () - table function;

2 2
golzm 1-m
7TE1 77,'E2

- material stiffness constant of

the contacting bodies (E- Young's module, p -
Poisson coefficient.
Contact area calculations 7, and 7, are made according

to the scheme q—»y—>#: In the case of known load and
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surface characteristics the intermediate value y (relative level
of deformation y =u/s) is calculated and then 7.
Contact criterion: KK =Sm;H, /(Ra - E) determines the

choice of one or the other equation. If KK<3.0 plastic contact
conditions are satisfied, if KK>5.0 — the conditions of elastic
contact. The structure of the given equation remains valid in
the case of contact of two rough surfaces.

Contact surface deformation. Its calculation is based on
the difference of two levels , and y,elaborated for two loads

causing deformation:
a=(y —7)o
y .7, are determined from the lowest contact

(20)
where

interaction y >y, .

Parameter a is important for detail contact measurements.

Intensity of wear. On upper layer fatigue destruction
(concept of Kragelski) the wear intensity (relationship of
linear wear and the friction path) is:

Iy =k [Ra/(Smyaq)] a6 (21)

where  o,t- material fatigue curve parameters;
k, - anisotropic roughness table.

Contact resistance at point welding. For small thickness
(less than 100 um) sheet welding surface roughness impact
must be taken into consideration. Resistance between the
welded details can be evaluated by the equation:

p Ra2
" (dgo)? Sm
d - electrode diameter;
q - contact pressure;

p- inherent electric resistance of detail material,;
kra- surface anisotropy dependent table coefficient.

(22)

where

The given examples prove that exploitation properties are
determined by equations of similar structure. Apart from
special parameters they depend on roughness anisotropy and
both height and step parameter interrelation. These parameters
are technically racy to control, and ways can be shown for
securing the desired exploitation properties.

VII. SURFACES WITH REGULAR ROUGHNESS [4]

It is characteristic of the surfaces of regular micro structure
that all surface's micro asperities have approximately
equivalent height and form, and their arrangement on the
surface is regular. To obtain surfaces of regular micro
structure, surface processing methods of plastic deformation
are mostly utilized - oscillating rolling and rotation impactive
processing. Hardened steel balls or diamond tips are used as
instruments, which in working process in feed direction have
low amplitude peripheral oscillations. As a result curved
grooves are formed on the surface sine. Regular surface micro
structure is formed in groove's covering process. For a more
extensive and complete research of exploitation of surfaces
with regular micro structure it is important to have their

mathematical description. M. Longe - Higgins [1] advised the
principle for modelling sea waves, i. e., to describe regular
micro structure surface with the sum of many cosine waves
(Fig.1), which are spreading in different directions as a base
for manufacturing of mathematical model was taken.

0 =2 costrx )
i=1 (23)

where A - summary amplitude of cosine wave;
@, Vi - i-th angular frequency of cosine wave for
corresponding coordinates x and y;
n - number of cosine waves.
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Fig.1. Formation scheme of regular micro structure of the surface

Summarizing two waves forms micro structure with micro
asperities in tetragonal form, but summarizing three waves -
with micro asperities in hexagonal form.

VIil. MATHEMATICAL DESCRIPTION OF SURFACES

In the process of mathematical description of real regular
micro structure surfaces for calculation of wave amplitude and
angular frequency as a parameter of the micro structure it is
important to choose such surface describing parameters that
are easy to measure with universal control surface roughness
measuring instruments .

From this opinion, as surface measure parameters has been
accepted:

Si - step between micro asperities in wave direction,
a; - angle of micro asperities locality,
Rmax - maximum height of micro asperities.

Replacing in Eq.23 angular frequencies with cosine length

of waves in the coordinate axis x and y direction, the
equation of surface with tetragonal wave form is:

A 21 2 o or
h(X,y) =—| C0§ — X+ ——y |+C0§ — X+——y
2 Sx Sy, Sx, Sy, (21
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Using triangles AOB, COD, EOF, GOH as shown in Fig.1,
it is possible to find relations between wavelengths Sxi Sxa,
Sy1, Sy2 and parameters describing surface's micro structure's
S1, Sz, o and .

S S
SXg =—2—;Sx, =—2
sinay sina

S S
[Sy; =—2 Sy, =—2
) cosaoy cosa,

(25)

Where with the equation of describing micro asperities
surfaces of regular tetragonal form there is a successive

subsequent:
2zsinoy 27 Cosoy
co X+ y
R S S,
h(x,y) =—2%
2 {ZESinaz 27 Cosa, J
+Co X+ y

To prove the suitability of the mathematical model for
description of real surfaces, micro topographical maps of real
surfaces were drawn and parameters Si, Sz, a1, and o of
surface micro structure on the surface three-dimensional
drawing equipment were established. On the same equipment,
using analogue computation method, surface micro
topographical maps were drawn following Eqg. 26 with
parameters Si, Sz, o1, and o, Rmax corresponding to real
surfaces.

To check — up theoretical full — fashioned micro asperities
form and micro asperities form of real surface, profilograms of
real surface on the plane, where the height of surface’s micro
asperities is maximal were taken. On the same plane (Fig.2,
line OM) the following equation:

CO{ZS—E(Sinal + kcos(xl)x}
h(x) = S '

2
+ co{?(s ina, +k cos(x?_)x}

? (@7)

was calculated profile of full - fashioned surface.

Fig.2. The scheme of evaluation of micro asperities form

For comparison of average deviation R, of real and full -
fashioned regular micro structure surface expression of R; to
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estimate the height of micro asperities along the surface was
found.

R, = A
2LxLy
(28)
Noticing that cosine function is symmetrical, it is possible
to perform integration in the limits of quarters of cosine wave
period. Thush (x,y) =|h (x,y) | and

LLX J'O ” Ih(x, y)|dxcy

_ 8A
& 2LxLy

Lx/4 sLy/4
IO IO [coS(ew; X + vy ) + C0S (e, X + v, ) Jdxdy

Resolving integrals and installing values of angular
frequencies with parameters of surface micro structure:

n _ BRosx { s,S, }
? bylx, | 4xsin(e, +ay)
\ (29)
_ 8Ruax 515, cosay sinfoy +ay) 2Ry
8 475,S,c08048iN(0y +ay) 0 om

IX. CONCLUSIONS

Examination of the equations shows that they have the
following common features, the formulas contain:

1) one surface roughness height parameter Ra;

2) two spacing parameters Smy, Sm..

These parameters are relatively convenient for measurement
and easy to be ensured in the engineering practise.

There are several methods to obtain the necessary 3D
surface roughness parameters, such as special equipment for
3D measurement and the method of indirect measurements.
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Janis Rudzitis, Juris Krizbergs, Anita Avi§ane, Guntis Springis, Maris Kumermanis, Janis Lungevi¢s. 3D Tekstiiras parametru aprékinasana

Dotaja darba ir apskatits raupju virsmu kontakts, konkrétak, parbauditas virsmas bija mehaniski apstradatas ar abraziviem instrumentiem. Virsmas raupjums ir
mehaniskas apstrades rezultats, tas var but raksturots ar gadijuma lauka diviem mainigajiem. Uzmaniba tika vérsta trisdimensiju (3D) virsmas raupjuma
parametriem, kuru statistikas pasibas tiek noteiktas ar vienkar$u raupjas virsmas modeli: anizotrops gadijuma lauks veidojas, matematiski iztiepjot izotropu
gadijuma lauku. Uzmaniba tika pievérsta virsmu kontaktam: raupjas un gludas virsmas mijiedarbibai un divu raupju virsmu kontaktam. Tika parbauditi
negludumu kontakta divi veidi: plastiskais un elastigais. Tika izstradats kontakta tipa kriterijs. Kontakta teorija tika izmantota kontakta pretestibas aprékinasanai
metina$ana un nodiluma intensitates noteik$anai. legitie vienadojumi noradija uz to, ka tiem visiem ir viens virsmas raupjuma augstuma parametrs un divi solu
parametri.

Saja raksta tika piedavata virsmas model&Sanas metode, izmantojot standarta virsmas raupjuma parametru attiecibas ar vilpu augstumu, frekvenci un fazi. Sakara
ar to tika izveidots vienadojums virsmas teksttiras augstuma noteik$anai péc vibrovelmésanas.

SAnuc Pynsurtuc, FOpuc Kpuséepre, Anura Apumane, I'yutuc Cnpunruc, Mapuc Kymepmanuc, SInuuc Jynresuuc. Pacuér napamerpos 3/ TekcTypbl.

B nanHO# paboTe pacCMOTpPEH KOHTAKT IIEPOXOBATHIX IOBEPXHOCTEH, KOHKPETHEE, IPOBEPEHHBIE TOBEPXHOCTH OBLIM MEXaHWYECKH 00paboTaHbl aOpa3sUBHBIM
uHCTpYMeHTOM. 11lepoxoBaTOCTh MOBEPXHOCTH SIBJIACTCS PE3YJIbTATOM MEXaHHYECKOH 00pabOTKM, OHA MOXKET OBITh OXapaKTepH30BaHa ABYMS MEPEMEHHBIMHU
cirydaifHoro noist. Ocoboe BHUMaHHe OBUIO YIEIEHO IapaMeTpaM 3-X AUMEeHCHOHHBIX (3D) mepoxoBaThIX MOBEPXHOCTEH, CTATUCTHYECKUE CBOMCTBA KOTOPBIX
OIPECIAIOTCS € MOMOIIBIO IPOCTOI MOJENH LIEPOXOBATOM MOBEPXHOCTH: aHU30TPOIHOE Cly4aiHoe Ioje obpasyercs IpU MaTeMaTUYECKOM PacTSAHBAHUH
H30TPOIHOTO CiIy4alHOro mnossi. Takke ObUIO Y/IENeHO BHUMaHHME KOHTAKTy MOBEPXHOCTEH: B3aMMOJCHCTBHMIO ILEPOXOBATOM M IIIAJKOW MOBEPXHOCTH W
KOHTAKTY JIBYX IIEPOXOBATHIX IIOBEPXHOCTEH. BpUTH IpOBEpeHE! 1Ba BIJa KOHTAKTOB HEPOBHOCTEH: INIACTUYHEBIN U 2J1acTHIHBIA. beuT paspaboran kpurtepuii ais
Ompe/eneHuss THIIa KOHTaKToB. KoHTakTHast Teopust Oblia pa3paboTaHa isi ONpPEENeHHs] KOHTAKTHOTO COMNpPOTHBIICHUS B CBapKe M MHTEHCHBHOCTH M3HOCA.
IMosy4eHHbIe ypaBHEHHS yKa3ald Ha TO, YTO B K)KIOM M3 HUX €CTh OfIH [apaMeTp BBICOTHI IEPOXOBATOCTH IIOBEPXHOCTH U [IBA IIATOBBIX [apaMeTpa.

B naHHOI craThe OBUI NMPEUIOKEH METOJ MOJCIHPOBAHMS IIOBEPXHOCTH, HICIIONb3Ys OTHOLIGHHS CTaHAAPTHBIX IapaMeTPOB IIEPOXOBATOCTU ITOBEPXHOCTH C
JUIMHOM BOJIHBIL, 4acTOTOH 1 (ha3oil. B cBsi3M ¢ 3THM, ObLIO BBIBECHO YpaBHEHHE [T ONPE/ENICHUS BBICOTHI TEKCTYPhI HOBEPXHOCTH I10CIIEC BUOPONPOKATHIBAHHSL.
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