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In the scientific research, calculations of roughness parameters are car-
ried out, with the aim of comparing measured values of roughness parameters
with the calculated ones by normal random field equations. First of all, rough-
ness measurement experiments for surfaces with irregular roughness are car-
ried out to determine the roughness parameters and the ordinate distribution
histograms using modern measuring equipment Taylor Hobson Talysurf Intra
50. Using the obtained experimental data, Pearson criterion calculations are
made in order to check the compliance of surface ordinate distribution function
to normal Gaussian distribution law. The obtained results showed that for all
investigated samples the surface ordinate distribution function complies with
normal Gaussian distribution law. The next step is the calculation of several
3D roughness parameters (from the standard ISO 25178-2). According to the
obtained results it is concluded that the calculated values of surface roughness
parameters Sa, Sp, Spc, Sdq, Sdr are quite close to the values obtained by mea-
suring equipment Taylor Hobson. The acquired formulas may be applicable for
determination of 3D roughness parameters.

Keywords: distribution function, 3D roughness parameters, Pearson
criterion, surface texture

1. INTRODUCTION

Nowadays, special attention is devoted to solution of engineering tasks — de-
termination of wear, surface contact area, the coefficient of friction and surface con-
tact deformations. Surface roughness parameters, which define surface quality and
exploitation characteristics of components, play a considerable role in these types of
tasks.
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Today calculations of 3D surface roughness parameters have been little stu-
died, and scientists rely on results obtained by measuring equipment. Everyone
knows how the 3D surface roughness determination is implemented by profilo-
meters, in turn, the equations used for texture parameter calculations by software are
not specifically known. There are general formulas intended for integral calculating
within the definition area. In turn, there are the theoretical formulas for calculation of
3D surface roughness parameters, which are suitable for surfaces, whose ordinates
are distributed according to the normal Gaussian distribution law.

Particular attention is paid to surfaces treated with abrasive tools and electro-
erosion, which are widely applied in the field of engineering and mechatronics. It
is important to note that all of these types of surfaces are characterised by irregular
distribution of microirregularities over the surface. For all such types of surfaces,
roughness is often modelled by the normal Gaussian random field of two parameters
X, Y, for which the following conditions are typical [1]:

* Symmetrical arrangement of random variable in relation to its average
value. It means that roughness parameter Ssk — skewness of ordinate dis-
tribution function — has to be equal to “0”.

* Kurtosis of roughness ordinate distribution function, which is characte-
rised by roughness parameter Sku, has to be equal to “3”.

* The probability that surface ordinate values will be grouped in interval
from -36 to +36 has to be equal to 99.7% , where ¢ is a root mean square
deviation of distribution function.

e Correlation function and its derivatives are continuous.
In further research, the following activities will be performed:

1. Check of roughness ordinate distribution function compliance to the nor-
mal Gaussian distribution law.

2. Calculation of 3D roughness parameters, comparing the measured and
calculated values of roughness parameters.

2. SURFACE ORDINATE DISTRIBUTION

In the present research, five different types of surfaces: flat grinded, cylindri-
cally grinded, treated with sand blasting, electro-erosion and shot peening have been
investigated. The measurement experiments have been carried out on a sample series
“Rugotest”. Three surfaces have been measured for each sample. The obtained re-
sults of surface roughness measurements will be shown in the tables below.

Surface ordinate distribution compliance with the normal Gaussian distribu-
tion law as mentioned above is determined using the distribution function asymme-
try indicator — Ssk, kurtosis Sku and Pearson criterion.

The parameter Ssk characterises the asymmetry of surface ordinate distribu-
tion function. Depending on the shape and location of roughness microirregularities
in relation to the mean plane, this parameter can have either positive or negative
values. The given parameter is described by the following equation [2]:
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1 (1,3
Ssk = &]3{1‘1{12 (x, y)dxdy} > (D)

where Sg — a root mean square height of the scale-limited surface, pm
A — a definition area, mm?

The parameter Sku characterises the curvature of surface ordinate distribution
function. Depending on how densely the surface microirregularities are distributed
over the surface, Sku values may be higher or lower than 3. The greater the distance
between microirregularities is, the greater the values of parameter Sku will be. The
given parameter is described by equation [2]:

111 4
Ssk = ST]“ {A 'U z'(x, y)dxdy} 2)

The present research analyses ’ distribution, which makes it possible to eval-
uate the compliance degree of theoretical and statistical distribution [3], [4]. There
are special tables for y? distribution, according to which the probability P can be
determined for each y? value at a certain number of degrees of freedom. Using the
tabulated x’ values, it is possible to make the conclusions about probability, with
which the hypothesis that a particular size X is divided by the normal Gaussian dis-
tribution law can be accepted.

Table 1
Conformity Assessment of Surface Ordinate
Distribution to Normal Gaussian Distribution Law
Ordinal B
Type of me- No. <@ Pearson criterion
chanical treat- ’ Proba- Ssk Sku
ment Surface [um] 72 ;(2
No. blllty critical calculated
1-No2 | 0.042 0.675 -0.129 2.970
1. Flat Grinding [ =0 "1 1) 0.95 8.67 1.347 -0.277 3.000
(Rugotest 104) ’ ’ ’ ! . ’ ’
3-No.8 | 3.120 4.819 -0.473 3.300
2. Cylindrical | 4~ No2 | 0.044 0.427 -0.124 2.920
Grinding 5-No4 | 0.102 0.95 8.67 8.331 20746 | 4.660
(Rugotest 105) | ¢ N7 | 1,140 1239 | -0136 | 2580
3 Electro. 7-No.6 | 0.736 2.059 -0.328 2.930
erosion 8-No.7 | 1.200 0.95 8.67 0.644 -0.096 2.76
(Rugotest 107) |9 o8 | 2.920 0327 | -0073 | 2.900
4 Sand 10-No.6 | 0.500 2.003 -0.253 3.100
Blasting 11-No.7 | 1.070 0.95 8.67 0.924 20213 3.18
(Rugotest3) 115 _Nog| 23 4560 | -0267 | 3.300
13-No.6 | 0.487 0.275 -0.024 2.990
3. Shot Peening [, 05 11 570 0.95 8.67 0.222 -0.021 2.910
(Rugotest 3)
15-No.8 | 3.460 1.280 -0.249 2.960
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The calculated x? values for surfaces with irregular roughness are shown in
Table 1. For chosen probability p = 0.95, tabulated value of Pearson criterion ¥’ is
8.67. For all explored surfaces, the calculated values of Pearson criterion are lower
than the tabulated ones.

The next step is to check the compliance of values of roughness parameters
Ssk and Sku with standard values of Gauss distribution, where skewness of surface
ordinate distribution function Ssk=0 and kurotsis Sku=3.
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Fig. 1. Comparison of surface roughness parameters Ssk (a) and Sku (b) with standard
values for the normal Gaussian distribution law.

The values of the given parameters are compared with standard values using
graphical method, assuming that the values of measured parameters Ssk and Sku may
vary within £10 %. Figure 1 shows that the values of parameter Sku for several sur-
faces match with the standard values, while the value of parameter Ssk only for two
surfaces matches with a standard value. Ssk and Sku values differ for cylindrically
grinded surface No. 5, for which the calculated value of Pearson criterion is also
greater than for all other surfaces.

Nevertheless, data from Table 1 shows that distribution function of surface
ordinates correspond to the normal Gaussian distribution law with probability p>
0.95 for all investigated samples.

3. CALCULATION OF 3D SURFACE ROUGHNESS PARAMETERS

Solving engineering tasks, for example, wear, surface contact area, coefficient
of friction, surface contact deformations, it is important to understand the connection
between the modelled surface and the experimental data. Irregular surface roughness
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is very often modelled by the normal random field of two parameters X, Y. The pres-
ent paragraph describes the compliance of parameters of normal random field with
experimental results.

The first group of roughness parameters is amplitude parameters. As men-
tioned above, the surface roughness is mainly characterised by height parameter Sa,
which is directly related to the root mean square deviation Sg. Knowing Sq value,
parameter Sa can be calculated using the following equation [1]:

E{Sa}qu-\E (3)

where Sa — an arithmetical mean height of the scale limited surface, [pm];
Sq — a root mean square height of the scale-limited surface, [um].

Table 2

Comparison of Calculated and Measured Values for Parameter Sa
Type of mechanical Ordinal No./ Sa,, o Sa,, ASa, %
treatment Surface No. [um] [wm]

1-No.2 0.042 0.042 0
1. Flat Grinding

2 -No.7 1.420 1.42 0
(Rugotest 104)

3-No.8 3.176 3.12 1.79

4-No.2 0.043 0.043 0
2. Cylindrical Grinding

5-No.4 0.107 0.102 4.90
(Rugotest 105)

6 - No.7 1.117 1.14 -2.01

7 - No.6 0.728 0.736 -1.08
3. Electroerosion

8 -No.7 1.180 1.200 -1.66
(Rugotest 107)

9-No.8 2.905 2.920 -0.51

10 - No.6 0.501 0.500 0.20
4. Sand Blasting

11-No.7 1.085 1.070 1.40
(Rugotest 3)

12 -No.8 2.330 2.300 1.30

13 - No.6 0.488 0.487 0.20
5. Shot Peeni

oF Feening 14 -No.7 1.268 1.270 -0.15

(Rugotest 3)

15 -No.8 3.455 3.460 -0.14

Table 2 shows that all calculated values of parameter Sa are very close to the
measured ones and lie within the range + 10 %. It can be concluded that deviations
of surface ordinate distribution practically do not change the relationship between
basic parameters Sa and Sq.

The next roughness parameter is Sp — the maximum peak height subtracted
from the mean plane [5]. The parameter Sp may find application in sliding contact
issues. The given parameter can be calculated by the following formula [1]:
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E{Sp}~2-Sq-\lIn|E{Ng; }-~/Str |, 4

where E{N, } — the number of intersections with a mean line;
Str — a texture aspect ratio.

Consequently, to calculate this parameter it is necessary to know anisotropy
coefficient and number of zeros. In [6], it is substantiated that anisotropy coefficient
can be replaced by 3D roughness parameter Str — a texture aspect ratio. The number
of zeros can be determined by profile diagrams. In this case, the number of zeros is
calculated as the arithmetic mean of three profile diagrams.

Table 3
Comparison of the Calculated and Measured Values for Parameter Sp
Type of mechanical Ordinal No./ SP, teutarea SP, wsured® ASp. %
treatment Surface No. [um)] [wm]
1-No.2 0.147 0.154 -4.55
1. Flat Grinding
2 -No.7 5.51 6.09 -9.52
(Rugotest 104)
3 -No.8 11.97 12.9 -7.21
4-No.2 0.165 0.178 -7.30
2. Cylindrical Grindi
vianenea” g 5-No.4 0.387 0.447 1342
(Rugotest 105)
6 - No.7 4.23 4.18 1.20
7 - No.6 3.59 2.81 27.76
3. Elect i
CCTOCTOsIOn § - No.7 5.97 485 23.09
(Rugotest 107)
9-No.8 15.16 13.8 9.86
10 - No.6 2.38 247 -3.64
4. Sand Blasting
11 -No.7 4.89 4.99 -2.00
(Rugotest 3)
12 - No.8 10.95 9.61 13.94
13 - No.6 2.29 2.44 -6.15
5. Shot Peening
14 - No.7 5.81 5.86 -0.85
(Rugotest 3)
15-No.8 15.17 13.8 9.93

From Table 3, it can be concluded that the values of parameter Sp obtained by
Taylor Hobson are close to the calculated ones, only for four samples Sp values fall
outside the acceptable £ 10 %.

The next group of 3D roughness parameters is feature parameters. This group
includes arithmetic mean peak curvature Spc [5]. This parameter can be applicable
to contacting surfaces working in friction and wear conditions. Spc can help deter-
mine microirregularity ability of deforming plastically or elastically under the load.
The appropriate surface intersection level y needs to be selected for Spc calculations.
The researchers have determined that theoretical and measured values of peak num-
ber start to coincide at levels above y =2 [1], which is why in the given calculations
values of Spc are checked at three levels: y = 2; 2,5; 3. Calculation formula for pa-
rameter Spc is the following [1]:
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2
1 5 2 2
E{Spci~ —-n°-Sq-| —— | -(1+Str™)y,
{Spe} R (RSmJ (1+Str)y %)

where RSm , — the mean spacing of profile irregularities in direction perpendicular to
processing traces, [mm]; RSm! is determined as an arithmetic mean of three profile
diagrams.

y —arelative surface height section, which is calculated by the formula (6):
u

VY= (6)
o

where u — the height subtracted from the mean plane; u=10, 20, 30 eth.
o — the root mean square height, [um)].

Table 4

Comparison of the Calculated and Measured Values for Parameter Spc

Type of Ordinal No./ R e e I e SPC,usureas ASpe,
mechanical fory=2, | fory=25 | fory=3, measured

treatment Surface No. [1um] [1um] [1um] [1/um] %

| Flat 1-No2 | 0.00034 | 000042 | 0.00051 | 0.00024 | 41.67 (y=2)
Grinding 2-No.7 | 0.00343 | 0.00429 | 0.00515 | 0.00593 | -8.09 (y=3)
(Rugotest 104) | 3 _No.8 | 0.00342 | 0.00428 | 0.00514 | 0.00441 |-2.95(y=2.5)
2 Cylindrical 4-No2 | 000127 | 0.00159 | 0.00191 | 0.00310 | -38.39(y=3)
Grinding 5-No4 | 0.00056 | 0.00070 | 0.00084 | 0.00061 | -8.20(y=2)
(Rugotest 105) | 6_No.7 | 0.00623 | 0.00779 | 0.00935 | 0.00472 | 31.99 (y=2)
3 Electro- 7-No.6 | 0.02067 | 0.02580 | 0.03100 | 0.02090 | -1.10(y=2)
erosion 8-No.7 | 0.01725 | 0.02150 | 0.02580 | 0.01070 | 61.21 (y=2)
(Rugotest 107) | 9_No.8 | 0.00780 | 0.00980 | 0.01180 | 0.00830 | -6.02 (y=2)
4Sand 10-No.6 | 0.00740 | 0.00930 | 0.01110 | 0.00620 | 19.35(y=2)
Blasting 11-No.7 | 001030 | 001290 | 0.01550 | 0.01110 | -7.21(y=2)
(Rugotest 3) 12-No.8 | 0.01350 | 0.01690 | 0.02030 | 0.00920 | 46.74 (y=2)
5. Shot 13-No.6 | 0.00590 | 0.00740 | 0.00880 | 0.00600 | -1.67 (y=2)
Pecning 14-No.7 | 0.00888 | 0.01111 | 0.01333 0.0108 | 2.87 (y=2.5)
(Rugotest 3) 15-No.8 | 0.00627 | 0.00784 | 0.00940 | 0.00612 | 2.45(y=2)

Table 4 represents the values of parameter Spc at different levels y. In the
present research, the smallest value from three y levels is determined for ASpc. From
Table 4, it can be concluded that the measured Spc values mainly correspond to the
calculated ones at level y = 2.

The third group of roughness parameters is hybrid parameters, one of which is
a parameter Sdg — a root mean square gradient. The given parameter can be applica-
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ble for evaluation of sealing, in theory of light and electromagnetic beam reflectance,
as well as for determination of a surface wetting degree by various fluids.

The given parameter is calculated by the following formula [1]:

pia 2
E{Sdg}~=-Sq-—— |z -(1+ Str?) @)
2 Sml
Table 5

Comparison of the Calculated and Measured Values for Parameter Sdg

Type Of meChanical Ordinal NO/ quz‘n[culatﬁd’ qumca:ur@d’ ASd 0/

treatment Surface No. [um/um] [um/um] @7
1-No.2 0.0037 0.0035 5.71

1. Flat Grinding

(Rugotest 104) 2 -No.7 0.0693 0.0964 -28.11
3-No.8 0.1034 0.132 -21.67
4-No.2 0.0110 0.0107 2.80

2.Cylindrical Grinding

(Rugotest 105) 5-No.4 0.0077 0.0085 -9.41
6-No.7 0.0827 0.0822 0.61
7 -No.6 0.1290 0.1420 -9.15

3.Electroerosion

(Rugotest 107) 8-No.7 0.1420 0.1200 18.33
9-No.8 0.1501 0.1530 -1.90
10 - No.6 0.0641 0.0681 -5.87

4.Sand Blasting

(Rugotest 3) 11 - No.7 0.1120 0.1280 -12.50
12 - No.8 0.1763 0.1700 3.71
13 - No.6 0.0538 0.0595 -9.58

5. Shot Peening

(Rugotest 3) 14 - No.7 0.1100 0.1270 -13.39
15-No.8 0.1460 0.1430 2.10

Data from Table 5 indicate that Sdg parameter values are very close to the
calculated ones, and only for five samples this parameter values do not lie within +

10 %.

The last parameter, which has been analysed in the present research, is the
developed interfacial area ratio Sdr [5] that defines the relationship between the real
and nominal surface area. Values of this parameter are important particularly in case
of surface adhesion. The greater the developed surface area is, the greater the num-
ber of links is between the substrate and coating. Sdr parameter can be calculated
using the following equation [1]:

7'[2

E{Sdr}~ En

RS m

2
qu-(zj 1+ Str%) *100% -
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Table 6
Comparison of the Calculated and Measured Values for Parameter Sdr

Type of mechanical Ordinal No./ Sdr . oas Sdr, o ASdr. %
; .

treatment Surface No. % % 0

1-No.2 0.0009 0.0006 50.00
1. Flat Grinding

2 -No.7 0.3059 0.4610 -33.64
(Rugotest 104)

3-No.8 0.6822 0.8570 -20.40

4-No.2 0.0034 0.0057 -40.35
2. Cylindrical Grinding

5-No.4 0.0038 0.0036 5.56
(Rugotest 105)

6 -No.7 0.4364 0.3360 29.88

7-No.6 0.9436 1.0100 -6.57
3. Electroerosion

8 -No.7 1.2855 0.7200 78.54
(Rugotest 107)

9-No.8 1.4350 1.1600 23.71

10 - No.6 0.2338 0.2320 0.78
4. Sand Blasting

11 - No.7 0.7427 0.8210 -9.54
(Rugotest 3)

12 -No.8 1.9814 1.4300 38.56

13 -No.6 0.1810 0.1770 2.26
5. Shot Peeni

ot Feening 14-No.7 0.7266 0.8030 29,51

(Rugotest 3)

15 -No.8 1.3579 1.0100 34.45

According to the data from Table 6, it can be seen that only for six surfaces the
measured values of Sdr fall within the range & 10 %, which may be explained by the
insufficient number of measurements.

4. CONCLUSIONS

In the present scientific research, the possibility of applicability of calculation
formulas for 3D roughness parameters has been checked and compliance of rough-
ness ordinate distribution function with the normal Gaussian distribution law has
been determined. It has been established that values of roughness parameters Sa, Sp,
Sdq, Sdr, Spc obtained by the measuring equipment Taylor Hobson are quite close to
the calculated ones. Incomplete coincidence of the measured and calculated values
can be explained by surface ordinate distribution, for which Ssk and Sku values for
some investigated surfaces do not fall within the deviation zone = 10 %, without tak-
ing into account that the Pearson criterion value with probability > 95 % indicates
that the ordinate distribution function conforms to the normal Gaussian distribution
law. In addition, these results may be affected by the limited number of experiments.
It has been concluded that equations analysed in the research can be applied for cal-
culation of 3D roughness parameters and solution of global engineering tasks.
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3D PARAMETRU APREKINU IESPEJAS VIRSMAM AR
NEREGULARU RAUPJUMU

N.Bulaha, J.Rudzitis

Kopsavilkums

Dotaja zinatniskaja darba tika veikti raupjuma parametru aprékini, ar mérki
salidzinat ar meraparatu iegiitas raupjuma parametru vertibas ar aprékinatam.
Pirmajam kartam, tika veikti virsmas raupjuma mérisanas eksperimenti virsmam
ar neregularu raupjumu: slipétam, apstradatam ar elektroeroziju, smilsstruklu un
apSauditam ar skrotim, lai noteiktu raupjuma parametrus un virsmas ordinatu his-
togrammas, izmantojot moderno mérisanas tehniku Taylor Hobson Talysurf Intra
50. Izmantojot iegiitos eksperimentalos datus, tika veikti Pirsona kritérija eksperi-
menti, lai parbauditu virsmas ordinatu sadalfjuma sakritibu ar normalo Gausa
sadalfjuma likumu. Péc aprékiniem tika noteikts, ka normalais Gausa sadalijuma
likums ir raksturigs visam p&tamam virsmam; tas, galvenokart, tika pamatots ar
Pirsona kriteriju, kura aprékinatas un tabul@tas vertibas sakrit pie varbiitibas 95%.
Nakamais solis bija dazadu 3D raupjuma parametru (péc standarta ISO 25178-2)
aprekini, izmantojot normala gadijuma lauka formulas, ar mérki noteikt sakaribas
starp eksperimentaliem datiem un model&tas virsmas parametriem. Parametru Sa,
Sp, Spc, Sdq un Sdr vertibas bija salidzinatas ar noméritam. P&c iegiitiem rezultatiem
tika secinats, ka virsmas raupjuma aprékinatas vertibas ir loti tuvas eksperimentalam,
iegiitam ar Taylor Hobson meériSanas tehniku. Tacu daziem paraugiem starpiba
sastadija vairak par £10%, kas varétu biit izskaidrojams ar limitéto eksperimentu
skaitu vai iesp&jamiem virsmas defektiem. Neskatoties uz to, iegiitas formulas var
pielietot 3D raupjuma parametru noteiksanai.

27.03.2018.
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