Transport and Engineering. Production Technologies

ro 4

2013/35

Statistics of Roughness Peak Height of Friction
Surface

Janis Rudzitis?, Anita Avisane?, Guntis Springis®, 1-*Riga Technical University, Institute of Mechanical Engineering

Abstract — One of the most essential parameters in determining
deformation of the friction surface is the height of surface
roughness. This article studies and compares three different
formulas for determination of the mathematical expectation value
of surface peak height for the roughnesses being above the
determined deformation level y. The article treats the P.R. Nayak
formula and two most well-known probability distribution laws:
the normal distribution (Gauss) law and Rayleigh law. The work
clearly shows and demonstrates graphically the ME values of
surface peak height at different y values, for all three formulas.
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. INTRODUCTION

Rough surface contact researches are related to roughness
deformations [1, 2]. One of the most essential parameters
affecting roughness deformation and being used in the solution
of contact tasks is the height of surface roughness. The height
of the rough surface roughness is counted from the midline (in
the case of profile) or from the middle plane (in case of 3D
surface), which means that maximum values of random process
or random function are determined.

The roughness deformation diagram is given in Fig. 1,
showing the relation between deformation a; and the height of
the deformed peak hy(u), measured from the level u.
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Fig. 1. Diagram of the contact of a perfect plane and the rough surface

The deformation diagram given in the figure relates to the
case, in which we will consider the following contact of an ideal
plane and the rough surface: under the effect of applied force P
the ideal plane shifts from position | — I to position 11 — 11, where
it reaches a balance between the external force and resistance
of micro-roughness deformation. In this position the distance
between the ideal plane and middle plane of the rough surface
0-0isequal to u.

In contact theory it is often assumed [3, 4, 5] that the
roughness deformation level of surface roughness stops above

the middle plane 0 - O (Fig. 1) on the standardised deformation
level y (y=u/o, where o is the random field standard
deviation).

In this article we will consider the ME value of height of all
rough peak tops and also the determination of ME value of
surface roughness height for the roughnesses being above the
determined deformation level.

1. MATHEMATICAL EXPECTATION VALUE OF PEAK HEIGHT

To determine contact deformations of friction surfaces it is
essential to determine the ME value of surface peak height. The
surface roughness height distribution law 3D for irregular type
surface (mathematically — for a normal random field) has been
studied in the work by P.R. Nayak [6].

P.R. Nayak in his research on rough surface random
processes determines the ME value of surface peak height
according to the formula:
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density of probability distribution of peak
height of rough surface;
standardised value of peak height;
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standard deviation of random field.

From P.R. Nayak’s research it is known that the density of
probability distribution of surface peak height f,(Z,)can be
found by dividing the number of peaks situated above level y
by the total number of peaks:

E
fi, (ép)=E— , 2)

where:

ME value of the number of rough peaks
E{np (y)} ~on level [y, y+dy];

ME value of the number of all surface
E{MP(}/)} ~ peaks above level y.

Whereas the ME E{np (7)} value of the number of
roughness peaks on level [y, y+dy] can be determined by the
expression [6]:
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where:
indexes 1 and 2 refer to the direction of parameter setting,
respectively 1 — perpendicular to the treatment direction, 2 —
perpendicular to direction 1.

ME value of surface maximums per unit of

E{m} ~ length;
E 0
A — non-dimensional parameter A = é?ng })}
E{n(0)} { o)
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As mentioned before, in contact tasks one should determine
the ME value of the height of those surface peaks that are above
the set deformation level U, or standardised deformation level
y . Thus, by transforming formula (1) the ME value of surface
peak height above level y can be determined as follows:

By {&p) =6 B (£5) 94, (6)
4

Inserting expressions (2), (4) and (5) in the equation (6), after
integration [8], we get:
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where

¢( ) Laplacian ¢(x f m, its numerical C, —standardised multiplier;
) = function: J values can be
found [7] Jﬁ 4 F 422
But the ME value of the number of E{M ] (y)} surface peaks 8-32*" " \8-32" f (4—/12)(8—3/12)
above level y
E{M ; (7/)} —c. 2_7TE fm} ., @) Coefficient C, is determmined from the relation:
3 a.J(£,)de, =1
where / | — function of roughness parameter A and level 17 t\=e P (8)
y determined according to the expression: The value of coefficient C, changes depending on
deformation level y and roughness parameter A, and its values
are given in Table 1.
TABLE 1
VALUES OF COEFFICIENT C,
¥ A
0 0.63 1.00 141 1.63
0 2.000 1.304 1.115 1.013 1.00
0.5 3.145 1.721 1.325 1.065 1.004
1.0 6.329 2.667 1.825 1.295 1.085
15 14.921 5.000 3.049 1.919 1.466
2.0 43.472 41.631 6.410 3.690 2.667
25 161.322 34.483 11.952 8.434 6.579
3.0 769.233 125.022 58.821 26.322 21.741
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The determination of ME value of surface peak height by the
formula offered by P.R. Nayak is complicated for making
engineering calculations, it is essential to find a simpler
distribution law, which could substitute the precise formula.

Let’s consider two best-known probability distribution laws:
normal (Gaussian) distribution law and Rayleigh law.

I1l. MATHEMATICAL EXPECTATION VALUE OF PEAK HEIGHT
ACCORDING TO TRUNCATED NORMAL DISTRIBUTION LAW

The ME value of surface peak height according to the
truncated normal distribution law is determined as follows:

_iépZ (9)
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According to [8] integration is made:
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By inserting the obtained result in (20), we get that for
truncated normal distribution law; the ME value of surface
peak height is:

IV. MATHEMATICAL EXPECTATION VALUE OF PEAK HEIGHT
ACCORDING TO RAYLEIGH LAW

Similar to the scheme in case of truncated distribution law,
we determine the ME value of surface peak height also for
Rayleigh’s law:

© 1, w 1.
Ey{ép = [6- s(5)08, =¢2 5,70 27 g, (1)
e V4

Making integration in parts according to [9] we get:
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Diagrams of the ME value of surface peak height are given in
Figure 2. Figure 2 shows that starting from value  >1the ME
values of surface peak height are drawing together, and
according to Rayleigh’s law the ME value is closer to the
precise value. Thus, Rayleigh’s law in the solution of
engineering tasks can be used forrange y >1.
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2 -erfc (j Fig. 2. Mathematical expectation value of surface height
2 — = = Formula by P.R. Nayak
Truncated normal distribution law
-------- Rayleigh’s distribution law
Numerical values of all the above considered distribution
laws for the determination of the ME value of peak height and
the precise formula at different deformation levels y are given
in Table 2.
TABLE 2
COMPARISON OF MATHEMATICAL EXPECTATION VALUES FOR DIFFERENT DISTRIBUTION LAWS
Precise Truncated distribution law Rayleigh’s law
4 - .
E, {51,} E,, {ép} Deviation (%) Es, {rfp} Deviation (%)
0 1,3032 0,7979 39% 1,2533 4%
0,5 1,5445 1,1411 26% 1,3764 11%
1,0 1,8254 1,5251 16% 1,6557 9%
1,5 2,1893 1,9387 11% 2,0158 8%
2,0 2,5897 2,3732 8% 2,4214 6%
2,5 2,6424 2,8227 7% 2,8543 8%
3,0 3,4922 3,2831 6% 3,3046 5%

151



Transport and Engineering. Production Technologies

2013 /35

V.CONCLUSIONS

Based on the data presented in this work it can be concluded
that the precise formula both for the determination of the
density of probability distribution of surface roughness height
and determination of the ME value of peak height, being
complicated for the solution of engineering tasks, can be
substituted by a simpler one. The Rayleigh’s law is the most
suitable for the substitution of the precise formula.
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Janis Rudzitis, Anita Avi§ane, Guntis Springs. Berzes virsmas negludumu augstuma sadalijuma statistika.

Lai noteiktu berzes virsmu deformaciju, viens no butiskakajiem parametriem ir virsmas negludumu augstums. Kontaktteorija virsma tiek modeléta ka normals
gadijuma lauks. Sadam normalajam gadijuma laukam izcilnu augstuma varbiitibu sadalfjuma blivuma likumu ir ieguvis P.R. Naijaks, kas savukart lauj noteikt
virsmas izcilnu augstuma matematiskas sagaidamas vertibas, tau $1 izteiksme ir praktiski nepiemérojama inzenieruzdevumu risinasanai, tapéc Saja darba ir
noskaidrots, ka eso$o formulu ir iesp&jams aizstat ar vienkarsaku sadalfjuma likumu. Saja raksta apskatitas un salidzinatas tris dazadas formulas virsmas izcilnu
augstuma matematiskas sagaidamas vértibas noteik$anai tiem nelidzenumiem, kas atrodas virs nosacita deformacijas Iimena y. Ir apskatita P.R. Naijaka formula
un divi pazistamakie varbiitibu sadalifjuma likumi: normalais sadalijuma (Gausa) likums un Releja likums. Salidzinot §s tris formulas ir atrasts vienkarsaks, bet
pietiekami precizs risinajums, ar ko aizstat sarezgito formulu. Darba ir grafiski att€lotas, iegiitas virsmas izcilpu augstuma matematiskas sagaidamas vertibas visam
trim formulam pie dazadam y veértibam.

Sunc Pyxsuruc, Auura Asumane, lyatiuc Cnipunruc. CTaTHCTHKA pacnipe/ie/ieHHsl BBICOTHI IIEPOX0BATOCTH MOBEPXHOCTH TPEHHUS .

s onpeneneHus aedopMarny MOBEPXHOCTH TPEHHUsI, OJHUM M3 HanOoJee BayKHBIX ITapaMETPOB SIBISIETCSI BHICOTA IIEPOXOBATOCTH MOBEPXHOCTH. B KOHTaKTHO#
TEOPUH TOBEPXHOCTh MOJEIUPYETCSs KaKk HOPMalbHOE CiiydaifHoe mosne. [l Takoro HOPMAIBHOTO CIIy4ailHOTO MO 3aKOH IUIOTHOCTH paclpeeleHUs
BEPOSITHOCTH BBICOTBI BBICTYIIOB ObuI HaiineH I1.P. HailakoMm, KOTOpBI, B CBOIO Oo4epelb, MO3BOJSET ONMpeaeuTh Maremarnueckoe oxunanue (MO) BBICOTBI
BBICTYIIOB [TOBEPXHOCTH, HO 9TO BBIPOXKEHHE HE MOJIXOMT JUIS IPAKTUUECKUX MHKEHEPHBIX 3aa4u. Hacrosmas paboTa mokasaia, 4To CylecTBYIONIy0 GopMyTy
MOJKHO 3aMEHHTH 00Jiee MPOCTHIM 3aKOHOM pacrmpesencHus. JlaHHOe HUCCel0BaHNE MPEACTABIET H CpaBHUBACT TPU pasianyHsie Gopmysnsl onpenenenne MO
BBICOTBI BEICTYIIOB IIOBEPXHOCTH, HAXOIAIINXCS BBIIIE YCIOBHOTO ypoBH: Aedopmanu y. PaccMorpena ¢opmyna I1.P. Haitaka u 18a HanOoee n3BeCTHBIE 3aKOHA
pacripezieneHusi BEpOsTHOCTEN: HOpMalbHBIN 3akoH pacnpenenenus ([aycca) u 3akon Penes. CpaBuuBas 3Tu Tpu (opmyibl, HaiineHo Oosiee mpocrtoe, HO
JIOCTaTOYHO TOYHOE DPELICHHE JUISi MHXKEHEPHBIX pacdeToB. B paboTe HammsigHO mMOKasaHo rpaduueckoe n3obpaxeHue 3HaueHHit MO BBICOTBI BHICTYIIOB
MIOBEPXHOCTH NPH PA3IMIHBIX 3HAUCHHSIX Y JUIS BCEX TPEX (POPMyIL.

152


mailto:aria@latnet.lv
mailto:anita.avisane@rtu.lv

