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Beenenne. Mup HaxoauTcs Ha dTale CO3aHMS MEKANCIUILTHHAPHOTO MOAX0/a, KOTOPBIN OyIeT peaan3oBaH
B METaJUTypPrUYeCKUX HCCICAOBAaHMSIX. B cTathe copMynupoBaHa TeXHHUKA aHAIM3A H300PAKCHUH [P HCCIEH0-
BaHMU 00pabaThIBACMOCTH Ha Pa3IM4YHOIl DIyOMHE OT rpaHMIB! pasaena yuteitHas Gopma—meramt. Lleas pado-
TbI. OOpabOoTKa YyTyHHOH 3arOTOBKH B Ipefeax MEepBEIX 3,5 MM OT TPaHHUIBI pa3zelia JIUTeHHas (popMa—MeTat
IpeCTaBIsieT co0oi cepbesHyro mpobiemy. MccienoBanne 00pabaTbIBACMOCTH Ha PAa3IHYHOM ITyOUHE SIBISICTCS
KITIOYEBBIM TPEOOBAHHEM IIPOMBIIIICHHOCTHU AT IPOCTOTH 00paboTKH. O0pabaTbIBaeMOCTh OyeT OIPENeNATh P
(hakTOpOB, BKIIFOYAs PACX0J HHCTPYMEHTA, Ka4eCTBO OBEPXHOCTH 3arOTOBKH, SHEpPronorpediacHne u T. 1. MeTox
uccse 0BaHusl. AHAIN3 H300paKCHNUSI BBIOIHSICTCS TS OLPECICHNUS IIPOLICHTHOTO COZIepKaHusI rpaduTa B 1mpo-
TPaBJICHHBIX ¥ HETPABJICHHBIX 00pasuax. AJTOPUTM KIACTEPU3ALNH TO3BOJIIET CO3aBaTh HOBOE H300paKCHUE U3
JAHHOTO C YCTKMM pa3JeiICHHEM OClbIX M YepHBIX obnacTeil myTtem mpeoOpa3oBaHmst upoBOro H300paKeHUs
B JJBOMYHOC C HCIIOJIB30BAHUEM IOPOTOBOTO 3HAYCHMUS ISl CCTMCHTALMN. B KadecTBe BXOIHBIX IEPEMEHHBIX UL
00pabarbIBacMOCTH YyTyHA HCIOIB3YIOTCS 00BbEMHast JOJIs IepiuTa, 00beMHast 101 rpadura U CpeaHuii pasmep
IUIACTHHOK rpaduTa B MUKpOHaX. Pe3yabrarnl  o0cyxaeHue. BoixoqHoe, T. €. CErMEHTHPOBAaHHOE H300paske-
HUe, Oy/eT SBIATHCS BXOAHON (yHKUHEil /Ui pacdera MHIEKCAa 00pabaThBaEMOCTH C HCIOIB30BaHHEM (hOPMYIL.
Takum 00pa3oM, MUKPOCTPYKTYPHBIH aHAIN3 MOMOKET HMPEACKA3aTh MHICKC 00pabaThIBAGMOCTH CEPOro 4yryHa
ASTM A 48 Class 20. C IOMOIIBIO 3TOT0 METOAA H IPOTPaMMBI, OCHOBBIBAsACH HA MHKPOCTPYKTYpE, MOXKHO 3a-
paHee CHPOTHO3HPOBATH XapaKTEPUCTHKU 00PAaOOTKH IETaN C y4ETOM BO3MOXKHBIX H3MCHCHHII B CAMOM MPOIIECCE
JIATBSL.

[ uutupoBanus: [IpuMeHnenne TexHuku nu(poBoil 00paboTKH H300pakeHUH B aHATH3E MUKPOCTPYKTYPHI U HCCIeI0OBaHUH 00paba-
teiBaemoctr / M.B. lllenagus, C.I. Auapes, A.M. Korapu, I./]. Adapss / O6paboTka MeTamioB (TeXHOJIOTHsA, 000PyJOBaHHE, HHCTPY-
MeHThl). —2021. - T. 23, Ne 4. — C. 21-32. — DOI: 10.17212/1994-6309-2021-23.4-21-32.

BBenenne

HeocnopumeiM siBiisieTcst TOT (akT, 4TO TEILIO-
¢duznyeckue cBOiicTBa MaTeprajga BO MHOTOM 3aBH-
CAT OT MUKPOCTPYKTYpbI. TakuMm oOpa3oM, ee KoJu-
YECTBEHHAs OIICHKA U XapaKTEPUCTHKA CTAHOBSITCS
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MHXeHepHO-TEXHOIOTMYECKUH (aKysIbTeT,
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HE0OXOUMBIMHU TSI KX TTPOTHO3a. AHAIU3 N300pa-
KEHHMH B 9TOM CJIy4ae MOKET UMETh KIIIOUEBOE 3HA-
yeHue. COBpeMEHHOE MPOrpaMMHOE oOecrieueHue
JUI aHAJIKM3a M300paKeHUH MOXKET TOYHO OIpere-
JATh KOJIMYECTBO CTPYKTYPHBIX 3JIEMEHTOB C TOUKHU
3peHus pa3mepa, hopmbl 1 00beMHO 1o [1].
Korna peub uaer o MHUKPOCTPYKTYpE, TO
UMEIOT B BUJIy pacroyiokenue (a3, 1eQexroB u
opueHTauuM 3epHa. Paza UMEET ONpENEIICHHBIN
XUMUYECKHI COCTaB W/WIM KPUCTAJUINYECKYIO
CTPYKTYpPY M OTZACJICHAa YETKOM rpaHuuei. Mukpo-
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CTPYKTYPBI MOKHO HAONIONATh W aHATU3H-
pOBaTh C TMOMOIINBIO PA3TUYHBIX METOIOB
MHUKpOCKonuu [2].
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XapakTeprUCTUKA MUKPOCTPYKTYDHI, T. €.
pa3Mep 3epHa, U3MEPSIOTCS B MUKPOHHOM
(v MwuIMMeTpoBoM) MaciuTabe. Kaue-
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rpymn [5, 6]. I[Ipu cermentanuu nzobdpasxe-
HUS OHO JICITUTCS HA HECKOJIBKO TNCKPETHBIX
oOnacTei Ha OCHOBE CXOJCTBa ITHKCEJEH.
CymiecTByeT MHOXKECTBO IPUMEHEHUH 3TOTO
MeTOjIa, BKIIF0Yasi 00pab0TKy MEIUITMHCKUX
M300paXeHUI, 3/IpaBOOXpaHeHne, 00padboT-
Ky U300paXeHUH JOPOXKHOTO JIBHIKCHUS, METAJLTyP-
THYECKYI0 OTpacib, Paclio3HaBaHUE 00pa3oB U T. .
[7-9]. CymecTByeT MHOXKECTBO METOJIOB CETMEHTa-
MU U300paKEHM, B TOM YHCIIe HA OCHOBE KJIacTe-
pHU3alK, HEUPOHHBIX CETEH, MOPOTrOBBIX 3HAYCHUH,
rpanuil ¥ T. 7. C y4eToM yao0cTBa UCTIONh30BAHUS U
HAJIC)KHOCTH TTOJTyYaeMbIX Pe3yJIbTaTOB JIydllas Cer-
MEHTalusl U300pakKeHU OOBIYHO BBIMOIHSAETCS Me-
TOJIOM KJIaCTepH3alliH, BKJIFOUas MeToa K-CpeHuX,
METOJI HEe4YeTKOHN Kiactepu3anuu C-CpeaHux, cyo-
TPaKTHUBHYIO KJIacTepu3aiuio u T. A. [10].

ANTOPUTM KJIacTepu3anuu K-CpeTHUX — OJTUH U3
Jy4YIIUX BAPUAHTOB JUIS MOJib30Bareneil. OH nmpoct
B HCIIOJJHEHUU M OBICTpee B BBIYHCICHUSAX, YEM
npyrue kinactepsl [11], on MoxeT padotarh ¢ 00Ib-
IIMM KOJTMYECTBOM TIEPEMEHHBIX W JIaBaTh Pa3HbBIC
pe3ysIbTaThl JIUIS Pa3HBIX KjacTepoB. MTak, BaKHO
HayaTh C MPaBUIBLHOTO KOJIMYECTBa K-KJIacTEpPOB.
[Tocne sToro HeoOXxommMo Havarh ¢ K-3HAaYEHUS
neHTponioB. HawanpHoe 3Ha4YeHHWE IIEHTPOUIOB
OyneT onpeaensaTh Kinactepbl. Takum oOpa3zom, 3TO
MOKa3aTellb TOTO, YTO MPABWIBHBIN BBIOOp 3HAUe-
HUS TCHTPOWJA SIBIISETCS BaKHOM 3amauedd [12].
MHorue MeTojpl CerMEHTAllW IBETHBIX H300pa-
YKEHHUH OB NCKITI0YeHBI. HO O0IBITMHCTBO U3 HUX
OCHOBAaHBI Ha MPUIOKECHUAX. TakuM 00pa3om, YHH-
BEpPCaJIbHOTO METO/Ia CErMEHTAIIMU IIBETHOTO H30-
OpakeHus JI0 CUX MOp He cymecTByeT. PaboTa kia-
crepusanuu K-cpeTHUX MoKa3aHa Ha puc. | B BUze
OJIOK-CXEMBI.
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Puc. 1. bnok-cxema kinacrepuzanuu K-cpeaHux

Fig. 2. K-means clustering flow chart

Lenbto pa®oThl sBISETCS MOTYyYEHUE MHUKPO-
CTPYKTYpPHOI KOJIMYECTBEHHOH HHGOpMAIUU C
IIOMOIIIbIO aHajn3a HM300paKEHUH U ee HCIHOJb-
30BaHUE JUIsl MPOTHO3MPOBaHUS 00padarbiBaeMo-
cti Marepuana. CyliecTByeT TeCHas B3aWMOCBS3b
Mex1y o00pabaThIBAEMOCTBIO M KOJMYECTBEHHOM
MHUKPOCTPYKTYpHOU WH(MOpMaIMEi, TOCTYITHON C
MIOMOIIIBIO TPOrPaMMHOTO 00ecrieueH s AJisl aHaIu-
3a u3o0pakeHuil. CylecTByeT TakkKe NOTpeOHOCTh
B NIPUMEHEHUH MEXIUCIHUIUIMHAPHBIX MMOAXO/A0B B
o0acTy MaIlIMHOCTPOCHUSI.

MeToauka uccjaeI0BaHuil

@dyHiaMeHTallbHas 11edb CerMEHTAalMU U300pa-
KEHHUs1 — Mpeodpa3oBaHue M300pakeHHUs B UHTEp-
npetupyemyto Gopmy A JalibHeiIIero aHaausa.
Ho GonpIIMHCTBO BXOJHBIX M300paKeHUI OepyTCs
U3 pa3HbIX 00IaCTe HA OCHOBE PA3JIMYHBIX IPUIIO-
xeHuil. OgHu U300paKeHUs: He BUHBI, HA IPYTHUX
MPUCYTCTBYET IIyM, a HEKOTOPbIE MMEIOT HHU3KOE
kauecTBo. [ToaTOMy mepen TeM Kak OTIpaBUTh U30-
OpakeHHE Ha CErMEHTAlUI0, ero Tpedyercs mpea-
BaputenbHo oOpabortars [13]. CymiecTByeT MHOTO
METOJIOB IpeBapUTEIbHON 00paboTKH. ITH MeTO-
JIbl MOYKHO KJIaCCU(HUIMPOBATh B 3aBUCUMOCTH OT
TUMa 00pabOTKH, Takoil Kak ToyeyHas oOpaboTKa,
00paboTKa € HCIOIB30BAHUEM MACKH, yAaJeHHE
uryma u T. 1. B 3aBucuMocTH OT THIIa BXOIHOTO U30-
Opa’keHUs! UCTIONb3YyeTCs OAMH U3 MeTo10B. O1HaKO
Yale BCEro MCIMOJb3yITCS METObl TOUEYHOH 00-
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paboTKH, TaKk KaKk OHM OOJIQJAI0T CYIIECTBEHHBIMHU
npeumyniecTBaMi. Bo MHOTHX 007acTsX, BKIIIOYAst
MHUKPOCTPYKTYPHYIO 00pabOTKy M aHajiu3 M300pa-
KeHuH, nudponas oOpaboTka M300pakeHU Urpa-
€T OYeHb Ba)KHYIO poiib. [l oOpaboTku nukceneit
M(HpoBOTO M300pAKEHUS HMCTOIB3YETCS KOMIThIO-
TEPHBIN AJITOPUTM.

[Ipu 06paboTke n300pakeHuit Isi Oojee Mmpo-
CTBIX 3aJ/lad UCTIOJIB3YIOTCS CIIOXKHBIE alTOPUTMEI,
YTO MPHUBOAUT K YCTPaHEHHIO NCKAXEHUI CHUTHAa
¥ HapacTaromero myma. J[BymepHbie n300paxeHus
MOTYT OBITh CMOJEIUPOBAHBI JII MHOTOMEPHBIX
CUCTEM C HCIIOJIb30BaHUEM IU(poBOH 00pabOTKH
n3o0pakenuii [14, 15]. B aToit ucciemoBaTenbckoi
pabote TOT *e MeToa muQpoBoi 00pabOTKH H30-
Opa)keHUI MCIIONB3YETCs IS XapaKTEPUCTHKH MU-
KPOCTPYKTYPHI UyTyHa C IUTACTUHYATHIM I'PpadUTOM.

CymectByeT nBa crioco0a MOIy4eHUs] U300pa-
JKEHHH: ¢ TOMOIIbIO IM(PPOBOM KaMephl WM C TI0-
MOIIBIO0 aHaIoroBoil. OxaHako Takue 3¢ eKTh, Kak
OCBEIIIEHHE, ITYMBI, pa3pelieHe U Mpodune, AearoT
HEOOXOIMMBIM MCTIOJIb30BAHNE TEXHUKHU IU(PPOBOH
00paboTku n300paxkennii. OHa JTaeT BO3MOXHOCTh
npeoOpa3oBaTh OTHOCUTENBHO IIOX0€ H300pake-
HHUE B KaueCTBEHHOE. B HacTosAIIEN UCCIIEI0OBaTENh-
CKoli paboTe n300paxKeHus INIaCTUHYATOrO rpadura
TIOJTYYEHBI C TTIOMOIIBIO MU(POBOTO MUKPOCKOTIA, H
JUTSL TIONTyYSHHSI JKEJIaeMBIX Pe3yJIbTaToOB ObLIA MPO-
BeJIeHA JayIbHEeHIIast o0padboTka.

Habnronenne 3a MUKPOCTPYKTYPOH BBITTOJHS-
€TCsl TIPH Pa3HOM YBEIMYEHUH B COOTBETCTBHUH C
TpeOoBaHusIMU. OCHOBHAsl IIelTb MHKPOCTPYKTYp-
HOTO aHaJIn3a — OI[EHKa MUKPOCTPYKTYPBI, KOTOPAs
BBITTOJTHATCST 1T COOTHECEHHS MHKPOCTPYKTYPHI
KaK BXOJHBIX JTaHHBIX C pa3IMYHBIMH MEXaHHYe-
CKUMU CBOMCTBaMH, BKJIFOYast KOBKOCTh, XPYIIKOCTh
Y TUTACTUYHOCTH Ha BbIXojeE [ 16]. [Tomydyernsie aro-
OBbIM €cIIOCOOOM MUKPOCTPYKTYPHBIE H300paKeHUS
C TEMHBIMHU ISITHAMU TpeOOBaiu JalibHeNIIe o0-
pabotrkn. OHa 3aKiIrO4YasiaCh B TPEABAPUTEIHHOMN
o0paboTke, OOHapyKEHUU TpaHUL U (DUIBTpALIUU
[17]. IlepBoHauanbHO H300pa)K€HHE CETMEHTUPY-
€TCsl C 3apaHee 3aJaHHBIM TTOPOTOBBIM 3HAUYCHUEM
¢ ycunenueM. [locie 3Toro rpaHuIa 3epeH 4yryHa
C MJIACTHHYATBIM Tpa@UTOM HUIACHTUPHUIMPYETCS C
TIOMOIIBIO METO/Ia OOHAPYKEHHSI KPaeB.

Memoo knacmepuzayuu K-cpeonux

LleHTpasibHOE TOJIOKEHUE KAKIOTO KiacTepa
OTIPENIeNISIETCSl C MOMOIIBI0 K-KJIaCTePOB B METO-

OBRABOTKA METALLOV %

nuke knacrepuszanuu K-cpennux [18-20]. HUre-
palnyu Mo Iaram MpOJOJIKAIOTCS 10 MOCTOSTHHON
MHUHUMQJIBHOW CYMMBI KBaJpaTHYHON OITHOKH.
TunuyHble mark BKIIOYAIOT BBIYHUCICHHUE CpeaHE-
r0 3HAYEHUS KaXJIOTo KJIacTepa, MPUCBOEHUE KaxK-
JIOM TOYKHU ONMKalIeMy KiacTepy Ha OCHOBE BBI-
YHUCIIEHUSI PACCTOSHUS OT cpefHero 3HadeHus. [Ipu
3TOM COOJIOAaeTCs CleayIolllee MareMaTHuecKoe
yCIIOBHE.

2

K 4
D=>"% ||Gl- -Z;
j=li=1

Iae dj u ZJ — 3TO KOJIUYECTBO IMHUKCEJIEH U LEHTP
j-ro Kiacrepa; K — 00111ee KOJIM4eCTBO KJIacTEpPOB.
Meron K-cpenHux HauejaeH Ha MHUHUMU3AUUK D
1 yIOBIIETBOPSIET CICAYIONIEMY YCIOBHUIO:

1
7 > G

J gieC;

Z; =

B nabope nannbix G = {g, [= 1,2, ..., n}, g —
obpasen B d-MepHOM mpocTpanctee, a C = {C,, C,,
s Cq} — CErMEHT, KOTOPbIN BBIMOJIHWI yCIIOBUE
G=Uq,=1C.

N300paskeHrsT MUKPOCTPYKTYPBI CEPOTr0 UyTy-
Ha C TUIACTMHYATHIM TPapuUTOM OLIEHUBAIOTCS Ha
npeaMer oOpabareiBaeMocTu. C 3TOM LENbIO IS
aHaJM3a TOTOBSATCS TECTOBBIE 00pa3ibl. OOpadoTKa
YYI'YHHOH 3arOTOBKH B Mpezeax NepBbIX 3,5 MM OT
TpaHHIbl pasaena GopMa—MeTaul SBISETCs Cyllle-
CTBEHHOM mpoOieMoii. MUKPOCTPYyKTYpa, chopMu-
poBaHHas B Tpejesiax MepBbIX 3,5 MM OT IpaHUIIbI
paszzena ¢popmMa—MeTasll, OIIEHUBACTCS C TIOMOIIBIO
uppoBoro Mukpockoma. s pacuera oOpabdaTsi-
BA€MOCTH HEOOXOJMMO 3HATh 3HAYEHUE COMEpIKa-
HUS rpaduTa B MPOIEHTAX, KOTOPOE TPYAHO OIpe-
JeTTUTH C TIOMOIIBIO IIU(POBOTO MUKPOCKOTIA.

TpeOoBaHME BBHITOIHIETCS C TIOMOIIBIO KJIacTe-
puzauuu K-cpenuux B Python. Ha puc. 2 mokazaHo
BXOZIHOE HM300pa’keHHe, TOJaBacMoe B MPOrpamMMy
Python, n o0pabotaHHOe M300pakeHUE CIIpaBa, JIo-
CTYIHOE KaK BBIXOJI JAHHOTO BXOJHOTO M300paKeHUs
B rpadudeckoii 00JIacTH MPOrPaMMHOTO 00ECTICUEHHST
Python. B Tabn. 1 mpuBeneHa MpoIeHTHAS JOJIs Oe-
JI0i 00JIaCTH, KOTOpasi MPECTABISIET COO0W TIEPITHT,
W TIPOIIGHTHAS JOJSl YEPHOM OONACTH, SIBIISIOMIASICS
rpaduToM, Oy YEHHBIE B pe3yJIbTaTe KiIacTepu3aluu
K-cpennux. OOpasipl MpOTpaBiIeHbl B HUTAIW IS
YETKOro BbISIBJIEHUS rpaHull. B Tabm. 2 npeacrasie-
HBI BBIXOJIHBIE JaHHBIE MHKPOCTPYKTYpHI 0Opasia
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Puc. 2. VI300paxeHre MUKPOCTPYKTYpbI Ha pa3HOil ITyOMHE OT I'PaHUIIbI pa3zena 1 00paboTaHHbIC
n300paXeHus:

a — Ha niryoune 0,5 MM OT MOBEpXHOCTH U 00OpaboTaHHOE M300paxkeHne; 6 — Ha TiryouHe 1,0 MM OT MTOBEPXHOCTH U

oOpaboTaHHOE H300pakeHNe; ¢ — Ha TIyOnMHe 1,5 MM OT MOBEPXHOCTH U 00paboTaHHOE M300pakeHNe; ¢ — Ha TIIyOHHE

2,0 MM OT TIOBEPXHOCTH M 00paboTaHHOE M300paKeHHE; 0 — Ha TIyOMHE 2,5 MM OT IOBEPXHOCTH U 0OpaboTaHHOE

n3o0paxkenne; e — Ha ryomHe 3,0 MM OT MOBEPXHOCTH W 00paboTaHHOE M300pa)keHUe; o — Ha TIyomHe 3,5 MM
OT IOBEPXHOCTH 1 00paboTaHHOE H300pakeHUE (CM. TaKxKe C. 25)

Fig. 2. Image of microstructure at different depths from interface and processed images:

a —at 0.5 mm depth from surface and processed image; 6 —at 1.0 mm depth from surface and processed image; 6 —at 1.5

mm depth from surface and processed image; ¢ — at 2.0 mm depth from surface and processed image; 0 — at 2.5 mm depth

from surface and processed image; e — at 3.0 mm depth from surface and processed image; o«c — at 3.5 mm depth from
surface and processed image (see also p. 25)

24 Tom 23 Ne 4 2021



TECHNOLOGY

,|\

NARTE AN /\/

R P S

oHC

Puc. 2. Oxonuanue
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Tabnuna
Table

IoayyenHasi Ha BbIX0/le MUKPOCTPYKTYPa HETPABJIEHHBIX 00Pa3I0B

Non-Etched Condition sample microstructure output

1
1

I'my6una ot moBepxHoctu / Depth from

[pouent Genoro /

[porueHT yepHoro (rpadur) /

surface White percentage Black Percentage (Graphite)
0,5 mm 84,56 15,44
1,0 MmMm 87,57 12,43
1,5 mm 87,57 12,43
2,0 MM 90,30 9,70
2,5 MM 86,44 13,56
3,0 MM 85,23 14,77
3,5 MM 84,84 15,16

Vol. 23 No. 4 2021 25
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TaOnunpa 2
Table 2

IlosyueHHast Ha BbIX0/le MUKPOCTPYKTYpPa TPaBJIeHHbIX 00pa3LoB

Etched Condition sample microstructure output

['my6una ot moBepxHoCTH / [pouenTt uepHoro (nepnut) / Black [MpouenT 6enoro (peppur) /
Depth from surface Percentage (Pearlite) White Percentage (Ferrite)
0,5 MM 65,73 34,27
1,0 Mmm 44,41 55,59
1,5 Mmm 49,98 50,02
2,0 MM 52,02 47,98
2,5 MM 67,30 32,70
3,0 Mmm 66,51 33,49
3,5 Mm 57,57 42,43

B TPaBICHHOM cOCTOSIHHUH. OOBEMHBIN TPOIEHT
nepauTa U (eppurta JOCTYNEH TOCIE TPaBICHUS
00pasIoB.

Pe3y.]'lIJTaTLI " oﬁcymeﬂne

BaxapiM nokazaresem 00padaTbiBa€MOCTH B CITy-
Yae TBEP/IOTO YEPHOTO MeTaslia SBISETCS TBEPIOCTb.
B cityuae ceporo uyryHa MUKpOCTPYKTypa SIBJISIETCS
Oornee pyHIaMEHTaIBHBIM MOKa3aresieM [22].

B 1956 rony Myp w Jlopo uccnenoBaiu BIUSHUC
MUKPOCTPYKTYPBI Ha TOKa3areiab 00pabareiBaeMo-
CTH U pa3paboTanau ypaBHEHHE, CIELMAIBHO IPE.-
Ha3HaYEHHOE /I ceporo uyryHa [23]:

M=195,5—-1,26V,, + 11,7V, +1,265,,

e V, m V, — OTHOCATCA K 00BEMHBIM JOTISIM Tep-
JUTa U TpaduTa B MUKPOCTPYKTYPE COOTBETCTBEH-
HO; S, — OIPE/IENIACTCS CPEHUM Pa3MEPOM IIACTH-
HOK rpa¢uTa B MUKpomeTpax. B 1abn. 3 nokazana
B3aMMOCBSI3b MEXJly 00pabaThIBaéMOCTbIO KaK BbI-
XOJTHBIM IIapaMETPOM U MUKPOCTPYKTYPHBIMHU Iapa-
METpaMH KakK BXOAHBIMH napamerpamu. Ha puc. 3
MIOKA3aHO M3MEHEHHe 00pabaThIBaeMOCTH Ha pas-
HOU TIyOWHEe OT I'paHUIbI paszaena GpopmMa—MeTan.

3akJao4yeHmne

B rtexymem uccienoBaHMM HU3ydaeTcsl MOKa3a-
TesIb 00pabaThIBAEMOCTH CEPOTO YyT'yHA Ha pa3iind-
HOM m1yOuHE OT nmoBepxHOcTU. [locTynHOe 3Haue-
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HUEe 00pabaThIBAEMOCTH JTOCTUTAET MaKCUMyMa Ha
1youHe, 6nmu3koit k 3,5 mm. OObeMHas 107 Tep-
nuTa, rpaduTa U cpeTHUX IIACTHHOK rpadura pac-
CMaTpHBaeTCs Kak BXonaHas (GyHKUus ais oOpaba-
ThIBaeMOCTHU. boiiee BhICOKOE 3HAYCHHE MIIACTUHOK
rpaduTa JOMHUHHUPYET HaJ 3HAYCHHEM I1OKa3aTess
o0pabaTsiBaeMOCTH.
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Tabnuma 3
Table 3
3HaueHns 00padaTHLIBa€MOCTH B 32aBHCHMOCTH OT BXOJHBIX MapaMeTPOB
Machinability values vs input parameters
['myOuna ot OOnemHast 1075t OObemHast 1oms Cpennuii pazmep [Tokazarenn
MOBEPXHOCTH/ nepiuta, V, / rpagura, Ve / TUTACTUHOK rpaduta obpabareiBaemoctu, M/
Depth from Volume fraction Volume fraction | B MM, Sg/ Average size of Machinability
surface of pearlite, Vo of Graphite, Ve graphite flakes in mm, S, Index, M
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OOpabarbiBaemocTh ~ —° Machinability

—

OO0pabaTbiBaeMoOCTh
[N}
~
()

0 0,5 1 13

//

/

2 2,5 3 3,5 -

I'1ryOuHa OT MOBEPXHOCTH, MM
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IMpuaoxenue 1: 1 llporpamma
Appendix 1: 1 Program

[Mporpamma st knactepusanuu K-cpeHux B Python BEITISAANT Tak, Kak IIOKa3aHO HIKE.
The program for the k-means clustering in Python is as under.

import cv2
import numpy as np
import matplotlib.pyplot as plt
from sklearn.cluster import KMeans
def centroid histogram(clt):
# grab the number of different clusters and create a histogram
# based on the number of pixels assigned to each cluster
numLabels = np.arange(0, len(np.unique(clt.labels )) + 1)
(hist, ) =np.histogram(clt.labels_, bins = numLabels)
# normalize the histogram, such that it sums to one
hist = hist.astype(*“float”)
hist /= hist.sum()
# return the histogram
return hist
def plot_colors(hist, centroids):
bar = np.zeros((50, 300, 3), dtype = “uint8”)
startX =0
for (percent, color) in zip(hist, centroids):
print(‘Color = *, color)
print(‘Percentage = *,”%.2f” % (percent*100))
endX = startX + (percent * 300)
cv2.rectangle(bar, (int(startX), 0), (int(endX), 50),color.astype(“uint8”).tolist(), -1)
startX = endX
return bar
k=2
image image = ‘0.5.jpg’
image = cv2.imread(image_image)
image = cv2.cvtColor(image, cv2.COLOR_BGR2RGB)
image = image.reshape((image.shape[0] * image.shape[1], 3))
clt=KMeans(n_clusters = k)
clt.fit(image)
hist = centroid histogram(clt)
bar = plot_colors(hist, clt.cluster centers )
plt.figure()
plt.axis(“off”)
plt.imshow(bar)
plt.show()
imagel = cv2.imread(image image)
imagel = cv2.cvtColor(imagel, cv2.COLOR_BGR2RGB)
pixel values = imagel.reshape((-1, 3))
pixel values = np.float32(pixel values)
criteria = (cv2.TERM_CRITERIA_ EPS + ¢v2.TERM_CRITERIA_ MAX ITER, 100, 0.2)
_, labels, (centers) = cv2.kmeans(pixel values, k, None, criteria, 10, cv2. KMEANS RANDOM _CENTERS)
centers = np.uint8(centers)
labels = labels.flatten()
segmented image = centers[labels.flatten()]
segmented image = segmented image.reshape(imagel.shape)
plt.figure()
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plt.axis(“off”)

plt.imshow(segmented image)

img3 = cv2.hconcat([imagel,segmented image])
cv2.imshow(‘K Means Clustering’,img3)

cv2.waitKey(0) # waits until a key is pressed
cv2.destroyAllWindows() # destroys the window showing image

Ipuaoxenue 2: 2 Ilporpamma
Appendix 2: 2 Program

Ha puc. 4 nokazanbl BXOJIHBIC JAHHBIE MHUKPOCTPYKTYPhI M COOTBETCTBYIOIIAsI PUBSI3KA K CErperanuy 4epHo-
0eIoit 00IacTH B KaueCTBE BRIXOAHBIX TAHHEBIX B Python.

Fig. 4. shows the microstructure input data and corresponding snap of the segregation of the black and white area
as output in Python.

Puc. 4. MukpocTpyKTypa U cerperamnus ¢ IOMOIIbI0 Kiactepu3armu K-cpeqaux B Python

Fig. 4. Microstructure and segregation by K-means clustering in Python

KoH}uiukT nHTepecon

ABTOPBI 3asBIISIIOT 00 OTCYTCTBUU KOH(IINKTA HHTEPECOB.

© 2021 Apropsl. M3narensctB0 HOBOCHOMPCKOTO TOCYIAPCTBEHHOTO TEXHUYECKOTO YHUBEPCHUTETA. JTa CTAThS JOCTYITHA II0
munens3nn Creative Commons «Attribution» («Atpubymmsy») 4.0 Bcemupnras (https://creativecommons.org/licenses/by/4.0/)
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Introduction. The world is at the stage of creating an interdisciplinary approach that will be implemented in
metallurgical research. The paper formulates the technique of image analysis in the study of processing at different
depths from the mold-metal interface. The purpose of the work. Processing of a cast-iron workpiece within the
first 3.5 mm of thickness from the mold-metal interface is a serious problem of solid processing. The study of
machinability at different depths is a key requirement of the industry for ease of processing. Machinability will
determine a number of factors, including tool consumption, workpiece surface quality, energy consumption, etc.
The method of investigation. Image analysis is performed to determine the percentage of graphite in etched and
non-etched samples. K-means clustering allows to create a new image from a given one with a clear separation of
white and black areas by converting a digital image into a binary image using a threshold value for segmentation.
The volume fraction of perlite, the volume fraction of graphite and the average size of graphite flakes in microns are
used as input variables for the machinability of cast iron. Results and discussion. The output, that is, the segmented
image, will be the input function for calculating the workability index using formulas. Thus, microstructural analysis
will help predict the workability index of grey cast iron ASTM A48 Class 20. Using this method and the program,
based on the microstructure, it is possible to predict in advance the characteristics of the machining of the part, taking
into account possible changes in the casting process itself.

For citation: Sheladiya M.V., Acharya S.G., Kothari A.M., Acharya G.D. Application of digital image processing technique in the microstructure
analysis and the machinability investigation. Obrabotka metallov (tekhnologiva, oborudovanie, instrumenty) = Metal Working and Material
Science, 2021, vol. 23, no. 4, pp. 21-32. DOI: 10.17212/1994-6309-2021-23.4-21-32. (In Russian).

References

1. Wejrzanowski T., Spychalski W., Rozniatowski K., Kurzydlowski K. Image based analysis of complex
microstructures of engineering materials. International Journal of Applied Mathematics and Computer Science, 2008,

vol. 18 (1), pp. 33-39.

2. Samuels L.E. Light microscopy of carbon steels. Materials Park, Ohio, ASM International, 1999.

3. Schwartz A.J., Kumar M., Adams B.L., Field D.P. Electron backscatter diffraction in materials science. 2nd ed.
New York, Springer US Publ., 2009. 403 p. ISBN 978-0-387-88135-5. DOI: 10.1007/978-0-387-88136-2.
4. Krauss G. Steels: processing, structure, and performance. Materials Park, Ohio, ASM International, 2015.

* Corresponding author

Sheladiya Manojkumar V., M.Tech.(Engineering), Assistant Professor
Atmiya University, Faculty of Engineering & Technology,

Yogidham Gurukul, Kalawad Road,

360005, Rajkot, Gujarat, India.

Tel.: +91-9898278267, e-mail: mvsheladiya@gmail.com

Vol. 23 No. 4 2021 31



CM OBRABOTKA METALLOV TECHNOLOGY

5. Ghosh S., Das N., Das 1., Maulik U. Understanding deep learning techniques for image segmentation. ACM
Computing Surveys (CSUR), 2019, vol. 52 (4), pp. 1-35.

6. Tu Z., Bai X. Auto-context and its application to high-level vision tasks and 3d brain image segmentation.
IEEE Transactions on Pattern Analysis and Machine Intelligence, 2009, vol. 32 (10), pp. 1744—-1757.

7. Kang B.-H. A review on image and video processing. International Journal of Multimedia and Ubiquitous
Engineering, 2007, vol. 2 (2), pp. 49-64.

8. Collins T.J. Image for microscopy. Biotechniques, 2007, vol. 43 (S1), pp. S25-S30.

9. Kaur D., Kaur Y. Various image segmentation techniques: a review. International Journal of Computer Science
and Mobile Computing, 2014, vol. 3 (5), pp. 809-814.

10. Dhanachandra N., Chanu Y.J. Image segmentation method using k-means clustering algorithm for color
image. Advanced Research in Electrical and Electronic Engineering, 2015, vol. 2 (11), pp. 68—72.

11. Yedla M., Pathakota S.R., Srinivasa T.M. Enhancing K-means clustering algorithm with improved initial
center. International Journal of Computer Science and Information Technologies, 2010, vol. 1 (2), pp. 121-125.

12. Dhanachandra N., Manglem K., Chanu Y.J. Image segmentation using K-means clustering algorithm and
subtractive clustering algorithm. Procedia Computer Science, 2015, vol. 54, pp. 764—771.

13. Nawaz A., Zhiqiu H., Senzhang W., Hussain Y., Naseer A., Izhar M., Khan Z. Mode Inference using
enhanced Segmentation and Pre-processing on raw Global Positioning System data. Measurement and Control, 2020,
vol. 53 (7-8), pp. 1144-1158.

14. Singh H., Mao Y., Sreeranganathan A., Gokhale A.M. Application of digital image processing for
implementation of complex realistic particle shapes/morphologies in computer simulated heterogeneous
microstructures. Modelling and Simulation in Materials Science and Engineering, 2006, vol. 14 (3), pp. 351-363.

15. Lee S.G., Mao Y., Gokhale A.M., Harris J., Horstemeyer M.F. Application of digital image processing for
automatic detection and characterization of cracked constituent particles/inclusions in wrought aluminum alloys.
Materials Characterization, 2009, vol. 60 (9), pp. 964-970.

16. Kakani S.L. Material science. New Delhi, New Age International, 2006. 656 p.

17. Narkhede H.P. Review of image segmentation techniques. International Journal of Science and Modern
Engineering, 2013, vol. 1 (8), pp. 54-61.

18. Celebi M.E., Kingravi H.A., Vela P.A. A comparative study of efficient initialization methods for the k-means
clustering algorithm. Expert systems with applications, 2013, vol. 40 (1), pp. 200-210.

19. Kodinariya T.M., Makwana P.R. Review on determining number of Cluster in K-Means Clustering.
International Journal of Advance Research in Computer Science and Management Studies, 2013, vol. 1 (6),
pp. 90-95.

20. Likas A., Vlassis N., Verbeek J.J. The global k-means clustering algorithm. Pattern Recognition, 2003,
vol. 36 (2), pp. 451-461.

21. Vermunt J.K. K-means may perform as well as mixture model clustering but may also be much worse:
Comment on Steinley and Brusco. Psychological Methods, 2011, vol. 16, no. 1, pp. 82—88.

22. Sheladiya M.V., Acharya S.G., Acharya G.D. Technological investigation of effect of machining parameter
on tool life. Obrabotka metallov (tekhnologiya, oborudovanie, instrumenty) = Metal Working and Material Science,
2020, vol. 22, no. 4, pp. 41-53. DOI: 10.17212/1994-6309-2020-22.4-41-53. (In Russian).

23. Moore W., Lord J.O. Gray cast iron machinability: quantitative measurements of graphite and pearlite effects.
Modern Castings, 1959, vol. 35 (4), pp. 55-60.

Conflicts of Interest

The authors declare no conflict of interest.

© 2021 The Authors. Published by Novosibirsk State Technical University. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).

32 Vol. 23 No. 4 2021



