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Procedures for Calculation of 3D Nanometric Surface
Texture Parameters

Juris Krizbergs, Riga Technical University, Institute of Mechanical Engineering

Abstract - In this article the method and algorithms for three
dimensional digital evaluation of surface nanometric texture is
proposed. Description of machined surfaces is based on the
model containing a certain number of single asperities. For
calculation of texture parameters the array of surface point
elevations is used. Such array of point heights may be obtained
by parallel scanning of surface along a specific number of surface
profiles. Any kind of measuring equipment may be used for
scanning.
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|. INTRODUCTION

Functioning of the system for areal evaluation of the surface
texture is based on the following assumptions:
1. Recording of separate surface point heights — discretization
of the surface as presented in Fig.1, using specified humber of
parallel surface profiles.
2. Calculation of surface texture parameters and the graphic
presentation of the measured surface.

Initially the following measuring conditions should be set to
provide the best performance of the system:

1. Profile length in the direction of x axis - Iy;

2. Discretization step in the direction of x axis or point spacing
along this axis - Ax;

3. The width of the investigated surface area — size in the
direction of y axis - ly;

4. Discretization step in the direction of y axis or profile
spacing along this axis -Ay.

Actual measurement conditions, i.e., sampling intervals Ax
and A4y, are set according to standard 1SO 3274:1996 [1].
Although the surface texture is widely measured by contact
stylus instruments, one of the peculiar problems of these
instruments is that the stylus tip radius induces distortions in
the profiles, leading to a mechanical filtering effect [2].
Consequently, the stylus tip radius rg, induces the limitation of
3D measurement accuracy.

The lengths of probe tracing Ix and ly should be 5 times as
long as the widely-used sampling length 0.8 mm (cut-off
length according to 1SO4288: 1996 [3].

Some recommendations are given also in [4].

According to the specified measuring conditions the system
records heights ha(i,j) of N1 points along N2 profiles,

Where

|
N1:I—X+1; N2=—"+1;
AX Ay

i,j — point numbers and profile numbers for points of height
ha(i,j) in directions x u y respectively: 1<i<N1; 1<j<N2.

Fig.1. Surface asperity discretization

Thus we obtain the matrix of numbers of size N1xN2
containing values ha(i,j) that will be used for calculation of
surface texture parameters.

I1. DATA ANALYSIS

As the datum for calculation of texture parameters the mean
plane of rough surface layer should be used. Such plane is
determined by equation:

f(x,y)=a+bx+cy. (1)

The calculation of coefficients of this equation is based on
least squares method that gives the following equations:

N1

N1 N2 !

z X; (X —>_<)

D (i, ) —ha)y;

co Tt it . )

N2 .
>3 yilyi-y)

)

N1

N2
INAN)

-1 j=1
NIN2

lNl

— — 1 N2 — — —
X=— > X;y=—-) yj;a=hi-bx-cy. (3)
N14= NZJZ_;

109



Transport and Engineering. Production Technologies

2013 /35

If the discretization steps in both directions are constant,
then the calculation of the mentioned above coefficients gets
simplified and surface point coordinates are obtained as
xi=(i-1) 4x; yi=(-1) 4y,
and coefficients are calculated as:

o (INL-N2+ N1+ N2-5)—6(N1+Du—6(N2+1)v.
N1-N2(N1+1)(N2+1) '
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I11. PARAMETER CALCULATIONS

For calculation of surface texture parameters the new matrix
of point heights is produced. Here the point heights h(i,j) are
calculated by subtraction of mean plane points height from the
initial matrix: h(i,j)= ha(i,j)-f(x:,y;).

Areal texture parameters to be calculated can be divided
into three groups:

1. Asperities quantity parameters;
2. Asperities height parameters;
3. Asperities shape and volume parameters.

Complete list of possible parameters to be calculated is
specified by international standards [5].

For application of texture features in different engineering
solutions most significant are parameters of asperity peaks.
Therefore we relate texture parameters to asperity apex,
considering the current point being asperity apex if four
closest to it — before and after the current point in two
directions - have lower height.

A. Peak number.

According to the mentioned above algorithm the peak
number over the surface area (peak density) is calculated as:

1 NI N2 ©
VNN sy g D
Where  7(i, ) =1, if

21=h(, ) —h(i+1, j) 20;z22=N(, j)—h(i-1 j) = 0;
z3=h(i, j)—h(, j+2) >0;z4=h(i, j)—h(, j -1 >0;
n(i, j) = 0 for other values of z1, z2, z3, z4.
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For calculation of asperity peaks located within specific
height over some level u we use additional condition:

n(i, j) =1 if h(i, j)=u;7(, j)=0, if h(i, j) <u.

Similarly, we can set the surface layer at height from ul to
u2, where the number of peaks should be calculated:

n(i, j) =1 if ul<h(, j) <u2;n(, j) =0 for other values of
h(i, j)- O]

B. Average asperity peak height.

We calculate this parameter as division of sum of all
detected peak heights by the number of these peaks in the
investigated nominal area. Then average asperity peak height
equals to:

NIN2
>3 <)

h =N ®
~ Xn(, )

i=1 j=1

Where ¢(i, j) =h(i, J) if (z1,22,23,24) > 0;
¢(i, j) =0for other values of z1, z2, z3, z4.

Additional conditions for calculation of average peak height
for peaks over the level u or within specific layer from ul to
u2 are the same as for calculation of peak number.

C. Extreme peak height (highest point of surface texture).

This parameter can be found as highest value of matrix
N1xN2 elements:
hmax:h(iyj)max- (9)

D. Asperity peak curvature.

Evaluation procedure of such parameter needs knowledge
about surface profile curve at peak point. As we do not have
initial information about this curve, we have to use some kind
of approximation of such curve. Large number of tests and
measurements of ground and similarly processed surfaces
show the possibility to use elliptical parabolloid as the model
of surface asperity peak.

Let us determine principal curvatures (within directions of
X, y axis).

For our approximation the peak curvature may be calculated
as

k(=2 (10)

i
where h;- maximum surface profile curve points height
difference for curve near the peak; l;- curve length
near the peak.

Using the measured rough surface point heights principal
curvatures can be calculated:
In the direction of x axis:
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Accordingly in the direction of y axis:
_ 2- h(l, J)_h(l, J _1)_h(|1 J +l)

k2 >
2(Ay)

12)

Average principal curvature of all peaks on the investigated
area in direction of x axis will be calculated:

N1 N2
_Zl _Zlc(l,l)
i= =
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i=1 j=1

(13)

where  c(i,j)=k1, if (z1,22,23,24) > 0;
c(i,j)=0 for other values of z1,z2,23,z4.

n(i,j) as determined above;
And in the direction of y axis :

N1 N2
> >c(, j)
=l j=1
k2V_ N1 N2 !

z 2]

i-1 j=1

(14)

where  c(i,j)=k2, if (z1,22,23,24)>0;

c(i,j)=0 for other values of z1,z2,z3,z4. Value (i j) is
determined above.
Mean curvature of peaks equal to half the sum of the
principal curvatures:

KL, +k2,

K, 5

(15)

E. Areal material ratio.

Similar to rough surface profile analysis as the datum we
consider the plane that is drawn parallel mean plane through
the surface extreme peak point. Let us determine the areal
material ratio as relation between the sum of elementary areas
created by section of surface with plane parallel to mean plane
at level u and the nominal investigated area:

N1 N2
X X uij)

i=1l j=1
Ix-ly

u=

' (16)
Where  u(i, j) =Ax- Ay, if Hmax-u<h(i,j)<Hmax;
(1,))=0 for other values of h(i,j).

F. Surface gradient.

For evaluation of surface behaviour in contact it is very
important to know the slope parameters of asperities in both x

and y directions. We use the gradient as the measure of
asperity slope. Let us determine the average gradient of
asperities within surface layer between levels ul and u2. Most
important is the part of asperities close to peak. According to
the accepted surface discretization we calculate the gradient in
two directions — x and y axis.

Then in x direction

N1 N2
i=1 j=1

where V(i) :W if ul<h(i, j)<u2;

X

V(i, j) =0 for other values of h(i,j).

Gradient in the direction of y axis

N1 N2

Vy=3 V() (18)

i=l j=1

where V(j):w if uL<h(i, j)>u2;
Yy

V(i, j) =0 for other values of h(i,j).

For evaluation of surface gradient on ascent or descent in
positive direction of coordinate axis (which is important in the
analysis of hydrodynamics of lubricated surface friction) we
use additional conditions:

vy - "D =i -L)

yif V(i) >0;
- - AX. .
v<j>=%“y('"‘l) [if V(j)>0;

V(i)=0; V(j)=0 for ascent and vice versa for descent.

G. Surface asperities volume.

This parameter is useful for investigations of surface wear
rate, when the mass loss of machine part can be evaluated by
means of some method (weighing, radioactive isotopes, etc.).
The asperity volume then can be used for determination
whether only rough layer has been destroyed and removed or
the solid material is removed by wear. For evaluation of this
parameter let us calculate the asperities material volume above
the specified level u:

N1 N2
2 2V, j)
i=1 j=1

_, 19
IX -1y - Npax (19)

Where Vi, j) = Ax- Ay - (h(i, j) — hey +U) Jif
h(i, j) — Ny +U) > 0;
V(i.j)=0, if h(i, j) — Mgy +U) <0

Ixelyshmax — the volume of full rough layer on the
investigated area.
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H. Surface asperities area.

This parameter is used for analysis of corrosion intensity of
rough surfaces, evaluation of electrical capacity of the surface,
analysis of oil film thickness, etc. For calculation of such
parameter we separate the surface to elementary rectangles of
size:

Si.j =V (h(+L)-hGi, )2 +(ax)2)-(hG, [+)-h(i, D)2+ (4y)2).
Then total surface area is calculated by equation:
N1 N2

S=% ¥§jj
i=1 j=1

(20)

IV.CONCLUSIONS

Equations for calculation of parameters do not cover all
possible surface texture parameters. Nevertheless, they may be
useful for different applications, such as surface performance
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Juris Krizbergs. Virsmas nanometriskas tekstiiras 3D parametru skaitlo$anas procediras.

Sis raksts ir veltits virsmas nanometriskas tekstiiras trisdimensionalas novérté$anas metodei un algoritmiem digitala forma. Jaunakie virsmas tekstiiras standarti
paredz telpisko tas novertéSanu, izmantojot specifiskus parametrus atskiriba no agrak lietotajiem virsmas profila parametriem. Tiek izmantoti integrali panémieni,
pieméram, dazadi optiski mérinstrumenti, kur informacija par virsmu tiek iegiita no noteikta laukuma, bet ne no atseviskiem virsmas punktiem. Ar $adiem
panémieniem iegiita informacija galvenokart ir kvalitativa, bez iesp€jam iegiit skaitliskas atsevisku parametru vértibas. Tomér $adas geometrisku parametru
vértibas ir loti nepiecieSamas dazadu virsmas funkciju precizai skaitliskai novértésanai, tadel svarigi iegiit informaciju par konkrétiem virsmas elementiem jeb
punktiem.

Saja raksta apstradatu virsmu apraksts balstas uz modeli, kas satur noteiktu atsevisku izcilpu skaitu. Tekstiiras parametru aprékinam tiek lietots virsmas punktu
augstuma vértibu masivs. Sadu punktu augstumu masivu var iegit, skengjot virsmu pa paralélam trasém gar noteikta skaita virsmas profiliem. Sken&$anai var
izmantot jebkura tipa raupjuma meériSanas instrumentu, kas darbojas uz paral€lu trasu punktu nolasi$anas principa.

IOpuc Kpusoepre. Ilpouenyps! Beranciaenus 3/1 mapaMeTpoB HAHOMETPHYECKOH TEKCTyphl HOBEPXHOCTH.

JlaHHas CTaThs MOCBANIEHA METO/Y M allTOPUTMAM TPEXIMMEHCHOHHOI OIIEHKH HAaHOMETPHYECKOH TEKCTYphl 00paboTaHHBIX MOBEpPXHOCTEH B IM(poBOit hopme.
CoBpeMeHHbIE CTaHIAPTHI IOBEPXHOCTHON TEKCTYPHI IPEAyCMATPLIBAIOT €¢ 00bEMHYIO OLIEHKY IPH MOMOIIH CIeNU(PUIECKUX apaMeTpOB B OTIAMYUM OT paHee
HPUMEHCHHBIX HPOMHIBHBIX MapaMeTpoB. VICIONb3yIOTCS HHTErpaibHBIC CIIOCOOBI, HANpHMep, pa3HbIe ONTHYECKHE MPHOOpHI, MH(pOpPMAIMS CHHMAETCs C
OTIpE/IeNIeHHO TUIONIAIHN, HO HE C OTAENbHBIX ToueK. Takas MH(OPMAIKs Mo CYTH SBISAETCS TONBKO KadeCTBEHHOM, 6€3 BO3MOXKHOCTH MOIyYEHHUs YHCICHHBIX
3HAYEHUH KOHKPETHBIX HapaMeTpoB. OIHAKO TakHe 3HAUeHHUs TeOMETPHUYECKHX [apaMeTpoB KpaliHe HEeOOXOOMMBI Ul TOYHOH OIEHKU Pa3HBIX (GyHKLHUH
MOBEPXHOCTH, TI0ITOMY HeoOXoauma HH(GopManus 00 OTAENbHbBIX IeMEHTaX WIH TOUKaX MOBEPXHOCTH.

B nanHOif crathe ommcanue 0OpaOOTAHHBIX ITOBEPXHOCTEH OCHOBAHO HAa MOJEIHM, COJEpXKalleH ONpeeNeHHOe YHCIIO OT/AENBHBIX BRICTYNOB. J[mst pacdera
IapaMeTpoB TEKCTYphl HCHONIBb3YeTCs MACCUB 3HAUCHHH BBICOT TOYEK MOBEPXHOCTHU, IONy4aeMbl NapajuielbHbIM CKaHMPOBAaHUEM IIOBEPXHOCTH BIOIb
oIIpeIeIeHHOro urcia npoduieit moBepxuocTu. CKaHUPOBAaHUE MOXKET OBITH BBIIOIHEHO JIOOBIM IPHOOPOM M3MEPEHUs] TEKCTYpPhl IOBEPXHOCTH, OCHOBAHHOM
Ha CYUTHIBAHUM OPJMHAT TOUEK, PACIOI0KEHHBIX Ha MApaUIENbHBIX Tpaccax.
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