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s obGecrieueHust SKCILTyaTalliOHHBIX CBOWCTB TPHOOCONPSHKEHUH HEOOX0ANMO KOHTPOIUPOBATH Mapa-
METPBHI IEPOXOBATOCTH MOBEPXHOCTEHN TPEHUS, 3HAYEHHUS KOTOPHIX B 3HAYUTENHHOM CTETIEHN 3aBUCST OT TOU-
HOCTH BBIJICIICHUS MTPOQUIIS MIEPOXOBATOCTH U3 MCXOAHOTO Tpodmiist moBepXHOCTH. C LENbI0 TIOBBIMICHHUS
TOYHOCTH ONPEACTICHHUS MapaMeTPOB IIEPOXOBATOCTH MPEAJIOKEH MeTol (puiasTpanuy Npoduiisi HOBEPXHO-
CTH, OCHOBAHHBIN Ha JIEKOMITO3ULIMU UCXOJHOTO MPOQUIIs Ha SMIMpHUYECKUe Moabl. PaspaboTana MeToauka
W TPEITIOKEH aJITOPUTM, PeajM30BaHHbIi B cpene nporpammuposanus MATLAB, Beienenust npoduneit
LIEPOXOBATOCTH, BOJHUCTOCTH U (JOPMBI M ONPEACICHHUS CpeTHEeH JIMHUH IS IIEPOXOBAaTOCTH IIOBEPXHOCTH
C TIOMOIIBIO 3MITMPUUYECKOM MOJOBOM NEKOMIO3UIMH. BBINOIHEHO CpaBHEHHE pPe3yAbTaTOB NPHMEHEHUS
¢unbrpa [aycca, BelBIeT-QUIBTpaiy U NPEATIOKEHHOTO METO/IA TIPH BBIICTICHUN CPEHEN JIMHUK U OTIpe-
JIEJICHUH CpelHeapu(PpMETHIECKOTO OTKIOHEHHS TPO(HIIs MIepoXoBaTOCTH MOJICIIMPOBAHHOW M PeaibHOM
(ppezepoBannoii u mudoBanHoi) nmosepxHocTeil. [lokazaHo, YTO METOA AIMIUPUIECKON MOTOBON JEKOM-
MO3UIMHU JA€T CPEHIO0 JIMHUIO JUI MOJACIHUPOBAHHOTO MPO(nIIs, MaKCHMaJIbHO COBHAJAOLIYIO C TEOPETH-
yeckoit. Kpome Toro, npeaiokeHHbIH MeTOJ] BHOCUT MUHUMAaJIbHBIE KPAaeBbIe HCKAYKEHHSI, UTO TI03BOJISET BhI-
JeNUTh Npo(HiIbs MIEPOXOBATOCTU MOBEPXHOCTH, KOTOPBIN MPAKTUUYECKH IOBTOPSET TEOPETHUECKUI Mpo-
¢wib. Ilpu 3TOM 3Ha4YeHHE cpenHeapruPMETHUECKOrO OTKIOHEHHU Hanbosee ONM3KO K 3HAYEHHIO, pacCUH-
TaHHOMY I10 TEOPETHUECKOMY MPOPUITIO MEPOXOBATOCTH. YCTAHOBIEHO, YTO CPEIHSIS JIMHUS, IOCTPOCHHAS C
WCTIOJIb30BaHUEM METOJa Pa3IoKeHHs Ha SMIIMPUYECKHE MOJIBI, O0ee TOYHO OTPakaeT U3MEHEHUE HCXO-
Horo npoduist GpeszepoBaHHON U NUTU(POBAHHON NOBEPXHOCTEH B AJTMHHOBOJIIHOBOM 00JacTH, 4To obecre-
4yyBaeT OoJiee TOYHOE OIpPEENICHUE NapaMEeTPOB LIEPOXOBATOCTH MOBEPXHOCTHU. IIpennoikeHHBIH MeTox
¢uIIbTpaluy, OCHOBAaHHBIH Ha JIEKOMIIO3UIIMH UCXOTHOTO NMPO(MIIS HAa SMIUPHYECKUE MOJIBI, TIpeIHA3HAYCH
JUTS UCTIONB30BaHUs MPHU ONPEAEICHUH TapaMeTPOB MEPOXOBATOCTH TEXHUYECKUX TOBEPXHOCTEN, B 4aCTHO-
CTH, B U POBIX TPOPUIOMETPAX.

KiroueBble ci10Ba: MOBEPXHOCTh TPEHUS, BOJHUCTOCTD, HIEPOXOBATOCTD, (PUIIBTpaLiUs NPOoQHIIsI TOBEPXHO-
CTH, SMIIUPUYECKAsd MOAOBAsT JEKOMITO3ULIUS.

DOI: 10.32864/0202-4977-2021-42-6-639-648

Aodpec 0na nepenucku:
JI.B. Mapkosa

Address for correspondence:
L.V. Markova

Benopyccrkuil HayuoHabHbIl MEXHUYECKUI YHUGEDCUMen,
npocn. Hesasucumocmu, 65, e. Munck 220013, Beaapycy
e-mail: lvmark@mail.ru

The Belarusian National Technical University,
Nezavisimosty Ave., 65, Minsk 220013, Belarus
e-mail: lvmark@mail.ru

/na yumuposanus:

JI.B. Mapxoea, X. Kone, X.-I'. Xan.

Mertoq BeiaeneHHS TPOMUIIS HIEPOXOBATOCTH MOBEPXHOCTH,
OCHOBaHHBI! Ha SMIIUPUYECKOI MOJOBO# JEKOMITO3UIIHH.
Tpenue u u3HoC.

2021.—T. 42, Ne 6. — C. 639-648.

DOI: 10.32864/0202-4977-2021-42-6-639-648

For citation:

L.V. Markova, H. Kong, and H.-G. Han.

[Method of Extraction of Surface Roughness Profile Based on
Empirical Mode Decomposition].

Trenie i Iznos.

2021, vol. 42, no. 6, pp. 639648 (in Russian).

DOI: 10.32864/0202-4977-2021-42-6-639-648

639



Friction and Wear
2021, vol. 42, no. 6, pp. 639—648
L.V. Markova, H. Kong, and H.-G. Han

Tpenue u usmoc
2021. —T. 42, Ne 6. — C. 639—648
JI.B. Mapkoea, X. Kone, X.-I'. Xan

Method of Extraction of Surface Roughness Profile Based on
Empirical Mode Decomposition

L.V. Markova!, H. Kong?, and H.-G. Han

!The Belarusian National Technical University,
Nezavisimosty Ave., 65, Minsk 220013, Belarus

’Korea Institute of Science and Technology,
Hwaranro 14-Gil 5, Seongbuk-gu, Seoul 136-791, Republic of Korea

Received 09.09.2021.
Revised 07.12.2021.
Accepted 10.12.2021.

Abstract

Monitoring roughness parameters of friction surfaces is critical to ensure the operational properties of
tribosystems. These values largely depend on the accuracy of surface roughness extraction from initial surface
profile. A method of surface profile filtration based on decomposition of initial profile into empirical modes
is proposed to increase the accuracy of estimation of surface roughness parameters. A technique is developed
and an algorithm is proposed for extracting roughness, waviness and form profiles and determining the mean
line for surface roughness using empirical mode decomposition. The algorithm is implemented in the
MATLAB programming environment. The proposed method is compared against Gaussian filtration and
wavelet filtration in application to extraction of mean line for the roughness profile and arithmetic mean
deviations of roughness of simulated and real (milled and grinded) surfaces. It is shown that the method of
empirical mode decomposition gives the mean line for the simulated profile maximally coinciding with the
theoretical one. Besides, the proposed method introduces minimal edge distortions. This fact allows us to
extract the surface roughness profile which practically reproduces the theoretical profile. In this case, the
value of the arithmetic mean deviation is the closest to the value calculated from the theoretical roughness
profile. It is found that the mean line, constructed using the method of decomposition into empirical modes,
more accurately reflects the change in the initial profile of the milled and grinded surfaces in the long-wave-
length region. As a result, the calculation of the surface roughness parameters is performed with higher accu-
racy. The proposed filtration method, based on the decomposition of the initial profile into empirical modes,
is intended for use in determining the roughness parameters of engineering surfaces, in particular, in digital
profilometers.
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