Determination of 3D surface roughness parameters by using cross-section methods
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Currently in production engineering surface roughness parameters are evaluated in three-dimensions, however, equipment for these measurements is rather expensive and not always available. Furthermore, in many cases purchase of such 3D measurement equipment is not economically justified. Taking into account the above mentioned arguments, it is often needed to determinate 3D surface roughness parameters from the well know profile parameters (2D), by using common existing 2D surface roughness measurement equipment. The best solution for this is determination of 3D roughness parameters by using cross-section (or profile) method. This method shows good results in assessment of nanoroughness. Thus the following mean values of the microtopographical surface parameters can be calculated: roughness height; spacing parameters and form. Although this method is mainly applicable for the rough surfaces with the irregular character, it can be used for other types of rough surfaces too. Paper will cover overall methodological approach for the 3D surface roughness parameters, their calculations using surface cross-sections (cuts). Particular emphasis will be given to the correlations between the surface cross-section (profile) parameters and 3D parameters, as well as quantity choice of cross-cuttings and their orientation on the surface will be done.
The first step will be choice the input data, which should ensure sufficient information sources for the determination of the roughness height, spatial and form parameters. In this case is necessary to know the linear function h(x,y) and matrix of the correlation momentum. The second step will be to analyse the 3D surface roughness parameters correlation with profile parameters, by using the above mentioned correlation momentum matrix. Geometrical orientation of cross-sections will be evaluated as well as preferable angles and disposition of these cross-sections.
1 Input data
All information included in the input data must be minimal per size, but at the same time enough for determining height, step and form parameters. In that case it is necessary to know the two argument function h(x,y) [1], describing micro roughness as three dimensional object, its first and second derivations. Let’s denote:         
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For example, quantity h1 is used for determining roughness height parameters, h2 and h3 for surface gradient assessment, h4 and h6 – peak roundup.
Prior to research all microtopographical parameters, based on quantities h1, h2, …, h6,  we must know six-rank density and they mutual distribution, defined by matrix:
	
[image: image7.wmf]66

56

55

46

45

44

36

35

34

33

26

25

24

23

22

16

15

14

13

12

11

k

k

k

k

k

k

k

k

k

k

k

k

k

k

k

k

k

k

k

k

k

,
	(2)


where kij – correlation moments of quantities h1, h2, …, h6.
Lets consider, that h(x,y) can describe as differential homogeneous random field. Then we can determine moments kij using field correlation function Kh((1,(2):
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where 
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To observe expressions (3), matrix (2) can be rewrite in following type:
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This matrix contained system of input data for describing rough surface.
2 Correlations between the surface profile parameters and 3D parameters
Formula, connected field splits correlation function
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On the basis of formula (5) after mathematical transformation obtained: 
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One surface cross-section allows to make three equations. For determining nine values Kij it is necessary five surface cross-sections [2].
After solving system, contained nine equations (6) – (8), obtained correlation expressions between 3D parameters and cross-section parameters.
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Fig. 1: Cross-section orientation on the surface
Anent to these five surface cross-sections (Fig.1) we can determine at ( = 0( - ( (quadratic mean value), n (zero sum) and m (amount of maximums); at ( = 45( and 90( – n and m, at ( = 30( and 135(  – only m. 

3 Conclusions
Given method let us obtain 3D surface roughness parameters using 2D measuring techniques and is provided for irregular character surface roughness research when roughness are described as normal random field. Method also can be used as basis for develop methodology for regular character roughness research.
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Currently in production engineering surface roughness parameters are evaluated in three-dimensions, however, equipment for these measurements is rather expensive and not always available. It is often needed to determinate 3D surface roughness parameters from the well know profile parameters (2D), by using common existing 2D surface roughness measurement equipment. The best solution for this is determination of 3D roughness parameters by using cross-section (or profile) method. This method shows good results in assessment of nanoroughness. Thus the following mean values of the microtopographical surface parameters can be calculated: roughness height; spacing parameters and form. Although this method is mainly applicable for the rough surfaces with the irregular character, it can be used for other types of rough surfaces too. 

Rudzītis J., Krizbergs J., Odītis I., Torims T., Kumermanis M., Muižnieks G., Strazdiņa I.
Virsmas raupjuma 3D parametru noteikšana, lietojot šķērsgriezumu metodi
Mūsdienu ražošanā ir nepieciešams novērtēt virsmas raupjuma parametrus trijās dimensijās, tomēr, aprīkojums šādu mērījumu veikšanai ir ļoti dārgs un ne vienmēr pieejams. Tādēļ bieži rodas nepieciešamība noteikt 3D virsmas raupjuma parametrus pēc labi zināmajiem profila (2D) parametriem, izmantojot eksistējošo 2D mērīšanas aprīkojumu. Labākais risinājums šai problēmai ir izmantot 3D raupjuma paremetru noteikšanai šķēlumu jeb profilu metodi. Metode uzrāda labus rezultātus arī novērtējot nanoraupjumu. Iespējams aprēķināt sekojošu virsmas raupjuma mikrotopogrāfisko parametru vidējās vērtības: raupjuma augstumu; soļu parametrus un formu. Metode ir paredzēta izmantošanai virsmām ar neregulāru raksturu, bet var tikt pielāgota arī citu tipu virsmām. 

Рудзитис Я., Кризбергс Ю.,  Одитис И., Торимс Т., Кумерманис М., Муйжниекс Г., Страздиня И.
Определение параметров 3-х-мерной шероховатости поверхности при помощи метода сечений
В современном производстве необходимо оценить параметры шероховатости поверхности в трех измерениях, однако оборудование для выполнения таких измерений сравнительно дорогое и не всегда доступное. Поэтому необходимо определить 3D параметры, используя хорошо известные параметры профиля (2D) и сушествующие оборудование для их оценки. Лучшее решение этой проблемы - исползование метода определения микротопографических параметров шероховатости поверхности по сечениям. Метод дает возможность определения средних величин следующих параметров шероховатости: высотных, шаговых и формы. В основном метод преднозначен для поверхностей с нерегулярным характером неровностей, но может быть изпользован и для других типов поверхностей.















www.fivesgroup.com








_1314694434.unknown

_1314704342.unknown

_1314704421.unknown

_1314704577.unknown

_1314704672.unknown

_1314704703.unknown

_1314704619.unknown

_1314704622.unknown

_1314704580.unknown

_1314704561.unknown

_1314704366.unknown

_1314704408.unknown

_1314704355.unknown

_1314694450.unknown

_1314694529.unknown

_1314694559.unknown

_1314704077.unknown

_1314704313.unknown

_1314695062.unknown

_1314694552.unknown

_1314694519.unknown

_1314694522.unknown

_1314694526.unknown

_1314694476.unknown

_1314694515.unknown

_1314694469.unknown

_1314694442.unknown

_1314694446.unknown

_1314694438.unknown

_1314694380.unknown

_1314694406.unknown

_1314694421.unknown

_1314694426.unknown

_1314694410.unknown

_1314694400.unknown

_1314694403.unknown

_1314694396.unknown

_1314694365.unknown

_1314694373.unknown

_1314694376.unknown

_1314694369.unknown

_1314694354.unknown

_1314694357.unknown

_1314694337.unknown

_1314694349.unknown

