Cm

YIAK 621.791.92

JIAGEPHOE NOBEPXHOCTHOE ONNABREHME YYTYHA CY20
B OTBENEHHOM COGTOSHHH™

B.I' THJIEB, kauo. mexH. HaykK, C.H.C

E.A. MOPO30OB, achupanm, cm.npenooasamensp
HU.b. 1YPTOB, mazucmpanm

(IIHUILY, 2. llepmp)

OBPABOTKA METAJIJIOB MATEPUAJIOBEJIEHUE

[MocTymuma 11 oxtsi6ps 2016
PeuensupoBanue 17 suBaps 2017
[Ipunsita k nmedatn 02 dhespans 2017

I'maes B.I. — 614990, . [Tepmb, Komcomomnbckuii mip., 29,
[Tepmckuii HALIMOHAIBHBIN HCCIEN0BATENLCKUN MOTUTEXHUYECKUN YHUBEPCUTET,
e-mail: xray@pm.pstu.ac.ru

[IpuBeneHb!l pe3ynbTaThl SKCIEPUMEHTAIBHBIX HMCCICAOBAHUN BIMSHUSI NApaMETPOB JIA3€PHOIO OIJIaBICHUS
ceporo uyryna CH20 Ha penbed MOBEPXHOCTH Ja3epHBIX AOPOKEK, MUKPOCTPYKTYPY M MHUKPOTBEPIAOCTh B 30HAX
nazepHoi 00paboTku. [To XMMHUUEeCKOMY COCTaBy MCCIIEAYEeMbIi MaTeprall OTHOCUTCS K cepbIM uyryHam. Ho u3-3a
YCKOPEHHOTO OXJIAXKACHUS IPU JUThE MaTepras B UCXOAHOM COCTOSIHUM UMEET CTPYKTypy Oesoro uyryHa. Jlasep-
HOE OIIJIABJICHNE OCYLIECTBISUIM BOJIOKOHHBIM JIa3epOM C JUIMHON BOJHBI 1,07 MKM M MATHOM KPYIJIOTO CEUCHUSI.
BapbupoBanu ckopocTh HepeMeeHus Ty4a, pa3Mep IsITHAa U MOLIHOCTb JIA3€PHOTO Jy4a. JIazepHOoe MOBEpXHOCTHOE
OIJIaBJICHUE B JJAHHOM KOHKPETHOM Cllyyae HE MEHSET TUI CTPYKTypbl. OTHAKO OUCIIEPCHOCTH MUKPOCTPYKTYPbI
3HAUUTEIILHO yBeIUuuBaeTcs. B pesysibrare nucneprupoBaHusi CTPYKTYypbsl MUKpoTBepaocTb HVS0 moBeimaercs
or 500 mns ucxomHou cTpykrypbl no 770...850 mocne nazepHoro omnasieHus. IIpu manblx pasMepax IsiTHA
0,2...0,5 MM Ha MOBEpXHOCTU 00PA3yIOTCS MEPUOAUUECKUE CTPYKTYPbI penbeda. CpaBHUTEIBHO IIAAKYIO ITOBEPX-
HOCTB JIa3€PHBIX JOPOKEK MOIYUYHIIM IIPU pa3Mepax mstHa 2...4 MM. B aToM ke ciydae 1ocTuraercst MakCuMabHast
MHUKPOTBEPIOCTb.
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MalIMHOCTPOCHUU. V3BECTHO UX MPUMEHEHHE IS
W3TOTOBIICHUSl JeTallel yCTaHOBOK LIEHTPOOEK-
HBIX BOJSIHBIX M HE(PTSIHBIX HACOCOB, PaOOTAIOIINX
B a0pa3uWBHOW M KOPPO3UOHHOM Cpelax Hapsay ¢
YyTYHOM HHUPE3UCT. J[JIsi MOBBIIIEHUS CTOMKOCTH K

BBenenue

Ha3epHHe TEXHOJIOTUHU HOBerHOCTHOfI n Jio-

KaJbHOW 00pabOTKHU MaTepuajoB C pa3BUTHEM BO-
JIOKOHHBIX JIa3€pOB M HOBBIX METOJIOB JIa3epHOI
00paboTKH MaTrepuajioB HAXOIAT Bce OoJiblliee U
pazHooOpazHoe npuMmeHeHue [1-3]. 3HaunTenpHOE
BHUMAaHUE YJENsIeTCs Ja3epHOMY YIIPOYHEHHIO T10-
BEpXHOCTEH aeTaned U3 4yyryHoB [4—16]. Jleranu
u3 ceporo yyryHa CH20 mmupoko NpUMEHSIOTCS B

9PO3UH HEKOTOPBIE JETAIN U3 CEPOro UyryHa IMoiy-
YaloT JIMTBEM B OXJIaXkJaeMble (OpMbI, MPU ITOM
(hopMHPYIOT CTPYKTYPBI OTOSIICHHOTO YyTyHa C Jie-
NeOypUTHOM CTPYKTypo#. JIJis MOBBIIEHUST W3HO-
COCTOMKOCTH YYT'YHOB HCHOJB3YIOTCSI pa3inyHbIe
BUJIbI JIa3epHOM OOpaOOTKM: HarIaBKa, OTLUIaBIIC-
HUe, 3aKajKa 1 JEeTUPOBaHUE.

* PaGoTa BBINOIHEHA PH MOZIEP’KKE MUHHUCTEPCTBA 00pa3oBaHus 1 Hayku PD B pamkax (prHAHCHPOBAHMS TPOSKTHON

gacTH rocyaapctBeHHoro 3aanus Ne 11.8353.2017/bY.
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O6paboTka YYTryHOB Ja3epHOM 3aKaJIKOW U
OTUTaBJICHUEM H3BECTHA IS CEPBIX, BBICOKOIPOU-
HBIX U HEKOTOPBIX JICTUPOBAHHBIX YYTYHOB, yIIPOY-
HEHHUE TPU ITOM OOYCJIOBIIEHO 00pa30oBaHUEM Map-
TEHCHUTA, Jene0ypuTa, UCTIEPCHBIX Kapoumos [15].

JlazepHas o0paboTka ¢ OIJIaBJICHUEM IOBEPX-
HOCTH B PAJIE CIIy9aeB TUKTYETCS HEOOXOIUMOCTHIO
MOJIyYeHUs! YNPOYHEHHBIX CJIOEB, O00JIaJAI0IINX
YTOHYEHHON CTPYKTYpOH C MeTacTaOMIbHBIMH (ha-
3aMH, a TaKXKe T YCTPAaHCHHUS ITOBEPXHOCTHBIX
neeKkToB, M3MENbUeHUs M IepepacrpenencHus
Pa3TUYHBIX BKIIOYCHUHN, TPUCYIINX JTaHHOMY THITY
qyryHOB [16]. [Ipy 5TOM 3HaYUTENIBHO YXYIIIAeTCs
WCXONIHAsl IIIEPOXOBATOCTh 00pabaThIBa€MOM TO-
BEPXHOCTH. TBEpPHOCTh M M3HOCOCTOMKOCTh YUYyTy-
HOB IIOCJIE€ JIa3€pHOTO OIJIABJICHUS OIpeNesieTcs
KOJIMYECTBOM oOpa3yromierocst Jsienedypura [15].
WuTepec npencraBiseT MOBEPXHOCTHOE YHpPOUYHeE-
HUE YYTYHOB JIa3epHBIM WHKEKIITHOHHBIM JICTUPOBA-
HueM tutadoM [11-13]. Ilpu sTom u3 TuTaHa, MO-
JTaBa€MOTO B 30HY OIUIABJICHUS, U MMEIOIErocs B
COCTaBe YyryHa ymieposia oopasyercs in situ 4acTu-
bl KapOuja Tutana. [IpoBeneHHbIe paHee uccneno-
BaHUS YIPOYHEHUS 110 TOW TEXHOJIOTHH ayCTCHHUT-
HOTO YyTryHa HHPE3WCT C YEHIyHJaThIM TpaduToM,
WCITOJIB3YEeMbIM JJISI M3TOTOBJICHUS PabOYMX opra-
HOB CTYTIEHEW MHOTOCTYIIEHYATHIX DJIEKTPOIIEHTPO-
OC)KHBIX HACOCOB ISl OOBIYM He(TH, TOKa3asu,
YTO KOJIM4ecTBO obpasyromerocs TiC orpannyunBa-
€TCsl YaCTUYHBIM y/ajieHueM yriepona [12—-14].

B mnactosmiedt paboTe uccienoBaHO BIMSHUE
apaMeTpoB Ja3epPHOI0 OIUIABJIEHUS HA CTPYKTYPY,
MHUKPOTBEPIOCTh, BUJI peibeda MOBEPXHOCTH H TO-
TEPI0 MacChl 0OpPa3IOB U3 CEPOTO UyryHa B OTOe-
JeHHoM coctostHud. [locnenHee npencrapisieT UH-
Tepec AJIsl OLIEHKU POJIHM CTPYKTYPHOTO COCTOSTHUS
yIJiepo/ia B YyryHe Ha CTETEeHb €r0 yTPaThl B X0/
JIa3€pPHOT0 OIJIaBJICHUS.

MeToauka nposeaeHus UCCJIeI0BAHUI

XUMHUECKUH COCTaB HCCIICIYEMOro YyryHa
CY20 mpuseneH B Taom. 1.

3arotoBKku 00pa3loB YyryHa HUMEJIH JCHIPUT-
HYIO CTPYKTYPY JOIBTEKTUYECKOTO OEJIOro 4yryHa

Tabnuma 1
Xumnueckuii cocras (B %) marepuana CH20
C Si Mn S P
33..35(14..24| 0.7...1 | no0.15 1o 0.2

Cm

C XapaKTCPHBIMH 0oJjiee TEMHBIMH BKJIFOUYEHUSIMU
neaebypura (puc. 1).
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Puc. 1. Crpykrypa uccieqoBansoro uyryna C420
B UCXOIHOM COCTOSIHUH

[Ipouecc orutaBneHust OCyIIECTBISUIM HAa yCTa-
HoBke OPTOMEC LENS 850-R ¢ BoiokoHHBIM J1a-
3epom YLR-1000 IPG Photonics ¢ aiMHON BOJHBI
1.07 MKM, IIATHOM KpPYIJIOTO CEYEHHMS U IayCCOBBIM
pacnpezieieHueM IUIOTHOCTH MOIIHOCTH. KoH-
CTPYKLHUSI CHUCTEMBbI oOecneunBaeT (HOKYyCHPOBKY
Jyda Ha PacCTOSHUM 8 MM OT 00pe3a JIa3epHOM ro-
JIOBKH B IIATHO trameTpom 0.2 MMm. {151 u3meHeHus
pa3mepa J1a3epHOro MsATHa B ciydyae 00paboTKH pac-
(OKYCHUPOBAHHBIM JTy4OM MEHSUTU PACCTOSIHHE [0
MOBEpPXHOCTH oOpa3ma. st pacyeToB TpeOyemMbIxX
paccTOSTHUH B 1eJIAX MOTYYEHHs 3aJaHHOTO IhaMe-
Tpa MATHA UCMOJIB30BAIU (OPMYIIbl, IPUBEIECHHBIE
B[17, 18].

O0paboTKy TPOBOAMIN OIWHOYHBIMU IMPOXO-
JlaMU B Cpe/ie BBICOKOYHMCTOIO aproHa c(poKycHu-
POBAHHBIM JIy4OM IIpH JUaMETpe MyyKa B MecCTe
NaJieHusl Ha MOBEPXHOCTh oOpabaThiBaeMoro o0-
pasua d = 0.2 MM, a Takxke pachOKyCHPOBAHHBIM
IIy4KOM IIpU PA3JWYHBbIX AuaMmeTpax mydka 2.0 u
4.0 mM. BappupoBanu Takxke MOUIHOCTH U3JIyye-
Hust P 1.0, 0.8, 0.7 u 0.6 kBt. MukpoTrBepaocTh
30HBI OIUIABJIEHUS U3MEPSUIM HA MUKPOTBEPAOMEPE
[IMT-4 npu Harpy3ke 50 r. MEUKpPOCTPYKTYpBI 1O-
cJie Ja3epHoi 00pabOTKU HCCIEeI0BAIM HA MUKPO-
ckorie Axiovert 40 MAT ¢upmsr Kape Lleiic. s
BBISIBIIEHUS MMKPOCTPYKTYpPbl HCIOJIb30BaIu 4
%-1 BOIIHBIN pacTBOp a30THOW KHUCIOTHL. Bo Bcex
HKCHEPUMEHTax (PUKCUpOBaJIM H3MEHEHHE Beca
00pasIioB.
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OO6pa3yroluiics B mpoIeccax J1a3epHOro OriaB-
JeHus pesbed MOBEPXHOCTH B 3HAYUTENBHON Mepe
ONpeAesseTcss SBICHUSAMHM MaccollepeHoca pac-
IUlaBa TMOA JeHCTBHEM CHJI MOBEPXHOCTHOIO Ha-
TsokeHus. [Ipexnae Bcero ciemyer OTMETHTh Iepe-
HOC 3HAYUTEJILHOTO 00beMa paciiiaBa B CTOPOHY,
IPOTUBOMOJIOKHYIO HAPaBIEHUIO IBUKEHUS JTyya.
ITpu ckopoctu nepemerienus ayda 20 mm/c, nua-
MmeTpe styda 0,2 MM B pe3ynbTaTe 3TOro Ipouecca Ha
MIOBEPXHOCTU 00pa3yloTcsl MEPHUOANYECKHE CTPYK-

Typsl penbeda (puc. 2).

20 Mm

Puc. 2. Bun nopokex jga3epHOro orjiaBIeHus 4yTryHa
CU20 npu quametpe nazepHoro maTaa 0.2 MM

[Ipn MeHBIIMX CKOPOCTSIX U IMAMETPE NSATHA J1a-
3epa 2 MM IOBEPXHOCTh OIUIABIEHHOM 30HBI BBITJISA-
JIUT CPaBHUTENHHO ko (puc. 3). Kak BugHO U3
puc. 2 u 3, rmajkasi HOBEPXHOCTh JOCTUTAETCSI B pe-
JKUMaxX C MaJIoW INIOTHOCTBIO MOIIIHOCTH JIa3€PHOT0
u3nyuyeHus 16 kBr/em’, a npu OOJIBIION TNIOTHOCTH
o0pazyercs nepuouuecKuii penbed.

[ToBepXHOCTHBIN TepuoAMYECKUil penbed aHa-
JIOTHYEH CTPYKTypam, 0Opa3ylouIuMcs Ha TOBEpX-
HOCTH TP 3aKaJIKe C OIUIaBJIEHUEM IICEBAOCILIaBa
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Puc. 3. Bun nopoxek 1a3epHOTO OIUIaBIEHUS YyTryHa
CY20 mpu nuaMeTpe Ja3epHoOro MATHA 2 MM U CKOPOCTH
HepeMeIeHHUs JIyda 5 MM/C

cranb-menb [18] wnam mpu azepHOM OIJIaBICHUU
yyryHa Hupesuct [14]. Obpasyromuiics nepuoau-
yeckuid penbed oTmuuaercs or maHHBIX [18], TIoe
penbed nMeeT GopMy UYepemyrOIIHXCST KOTBIIEBBIX
rpebHel, U oT naHHbIX [14], roe penped npencras-
nseT (OpMy BBITSHYTHIX TPEYrojJbHUKOB. B KoHIIE
Jla3epHOM IOPOKKH BO BCEX CIIydasiX 3aMKCUPOBaH
KOPOTKHI OTpe30K KaHaBKH, U3 KOTOPOM paciijiaB
OBLIT TIepeHeCceH BIOJb NOPOXKKU Hazal. dopma 00-
pa3yromMXcsl BaJIWKOB NPUMEPHO OJIMHAKOBA I10
BCEH JIJTMHE TOPOXKEK B OTIMYME OT HUpe3ucTa [14],
Ha KOTOPOM HaOJIOANICS SIBHBINA MEPEHOC paciiiaBa
BJIOJIb JOPOXKEK U3 ropsiuei 30HbI pacijiaBa Hazal
BJIOJIb IOPOJKKH B 0O0JIeE XOIOIHYIO 30HY.
W3BecTHBl /1Ba Me€XaHUW3Ma MaccolepeHoca B
HEOJHOPOJHO JIOKAJIbHO HArpeThiX paclulaBax,
MEXaHU3M TEPMOKAIMUIAPHONH KOHBEKIIMH W Me-
XaHU3M KalWUIAPHOM TEPMOKOHIIEHTPALIMOHHON
KOHBEKIUH, KOTOPbIE OTIMYAIOTCSI OCOOEHHOCTSIMU
oOpasyromerocst mpu 3toM penbeda [19]. B ake-
MEepUMEHTaX BapbUPOBAIM JHUAMETP IaJAlOIIEro
JIy4ya ¥ TUIOTHOCTh MOIIIHOCTU B HeM. /{uamerp mst-
Ha 0.2 MM ipu P = 1 kBT cooTBeTCTBOBaJ MJIOTHO-
cTH MoIHOCTH B msiTHe 2500 kBr/eM’, a JIMaMETPbI
2 1 4 MM® — IUIOTHOCTH MOLHOCTH (8...16 KBT/CMZ),
910 OJM3KO K YCIOBHSM, IOJy4YeHHBIM B pabo-
te [18]. U B [18], u B HacTosmIel paboTe OTHOCH-
TENbHO IVIaJIKME MOBEPXHOCTH HAOIIONAIOTCS IMPHU
CpaBHUTENBHO HETITyOOKOM oruiaBieHuu. Ho ayryn
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CUY20 umeeT Oosee BBIpaXEHHYIO CKIIOHHOCTD K 00-
Pa30BaHUIO CIIIQ)KEHHOW TOBEPXHOCTH BO3MOXHO
U3-32 OTCYTCTBUS 3HAYUTEIBHBIX KOHIICHTPAIIHOH-
HBIX HEOJHOPOTHOCTEH, TMPUCYIIMX MaTepHalam,
uccienoBaHHbIM B [18].

MHUKpPOCTPYKTYpbl B CEYEHHUH OJWHOYHBIX Jia-
3€pPHBIX JOPOXKEK, TIOyYeHHBIX TPU Pa3HBIX yCIIO-

1000 ym

30Ha onnasneHus

30Ha TepmMuY4eckKoro
BNUSHUSA

ucxogHas
CTPVKTVDa
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BUSIX (DOKYCHPOBKH JIa3epHOTO JIy4a, IPUBEICHBI Ha
puc. 4-6. Bo Bcex cimydasx MOXXHO OTMETUTH, YTO
CTPYKTypa B 30HE OIUIABIICHHS, TaK JKe KaK U UCXOI-
Hasl, TIPEJCTABISIET COO0H JEHAPUTHYIO CTPYKTYpY,
COCTOSIIIYIO U3 TIEPBUYHBIX KPHCTAILIOB U JIeAeOypH-
ta. OTIMYNE 3aKITF0YaeTCsl B 3HAYNTEIIHBHOM YMEHb-
IIEHUH Pa3MEePOB CTPYKTYPHBIX COCTABIISIOMINX.

Puc. 4. ®opMa u cTpyKTypa 30H JIa3€PHOTO OIUIABICHHUS M TEPMHUUYECKOTO BIMSHUSA UyryHa
CY20, nosmyuennsle npu P =1 kBT, npu quamerpe nazepHoro nsatHa 0.2 MM U CKOPOCTH Iepe-
MeleHus ryda 20 Mmm/c

N3BecTHO, 4TO U3 MHOr0OOpasus YyryHOB Hau-
6onee 3((HeKTUBHO JTa3epHBIM H3ITyYeHHEM 00pa-
0aThIBAIOTCS CEepble YYT'YHBI IEPIUTHOTO KJlacca, Ha
KOTOPbIX focturaercs TBepaocts HV, = 1100. be-
JIBIA 9yTYH HE3HAUUTENBHO YIPOUHSIETCS JIa3ePHBIM
nzyuyenueM [20]. OgHako B HalIeM CIydae Ceporo
yyryHa CY20 B oTOEI€HHOM COCTOSIHUM HaOIona-
ercs 3ameTHoe ynpounenue or HV,, = 500 B ucxon-
HOM coctosiunu 10 HV, = 850 B 30HE nazepHOro
orasneHus (Tabm. 2). YopouyHeHHE IPOUCXOIUT B
OCHOBHOM H3-32 JIUCHIEPTHUPOBAHUSI MUKPOCTPYKTY-
pbl. Kpome 30HBI or1aBieHust HA MUKPOCTPYKTYpax
HaOMI0AAaeTCsl TaKKe CIION J1a3epHOTO BO3/IEHCTBHSA
(TEepMHUYECKOTO BIMSHUSA), CM. CXEMY, H300pakeH-
HYI0O Ha puC. 4, OTIMYAIOUIUIICS OT OCHOBBI He-
CKOJIBKO OOJIbIIEeH TPaBUMOCTHI0. MUKPOTBEPIOCTD

B 3THX Y4YaCTKaX HE OTIMYAETCS OT OCHOBBI. OTiN-
Yyue B TPABUMOCTH 30HBI JJA3EPHOTO BO3/IEUCTBUS OT
OCHOBBI MOXKET OBITh CBSI3aHO C TE€M, YTO Ha ITUX
y4acTKax MPOUCXO/SAT HauaJbHbIE CTaIUH OIUIaBIIE-
HUS Ha MeX(a3HBIX TPAHUIIAX MEXKIY EMEHTHUTOM
u GeppuTom.

MOoXHO TakXke OTMETUTh OPUEHTHUPOBKY MEPBUY-
HBIX KPUCTAJUIOB B CTOJIOUATO-JCHIPUTHON CTPYKTY-
pe, HalpaBJIeHHE KOTOPBIX MPEUMYIIECTBEHHO Mep-
MEHAUKYJISIPHO TPAHULIE 30HBI OIUIABJICHHS. JTO Ke
camoe oTMedaercs B paborax [ 14, 20].

MakcumaiibHasi MUKPOTBEPAOCTh JOCTUTHYTA B
pexumax ¢ pazmepoM msatHa 4 MMm. MoXHO mpearo-
JIOXKUTh, YTO PA3HUIIA B MEKPOTBEPIOCTH O0YCIIOB-
JIeHA Pa3JIMYUsIMU B CKOPOCTU OXJIAXKJEHUS MOCIIe
Jla3epHOro oriaBieHus. Tak, B AKCEPUMEHTAX IO
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30Ha
onnaeneHus

’
3oHa UcxopHas
TepMUyeckKoro cTpyKTypa
BNUSHUA

r el

Puc. 5. ®opma 1 CTpyKTypa 30H JIA3€pPHOTO OIJIABJIEHUS U TEPMUYECKOTO BIIU-
ssHud yyryHa CH20, nonydenssie npu P = 1 kBT, quamerpe na3epHoOro nsarHa
2 MM M CKOPOCTH TIEpeMEeLICHUs Jiy4ya 5 MM/C:

a— 06]1[1/[171 BU; 06— HpaBLII‘/'I Kpaﬁ 30HBI OIUIABJICHHUSA; 6 — CCPECANHA 30HbI OIJIaBJICHUA,
BEPX; ¢ — HWIKHAA I'paHUIla 30HbI OIIaBJIICHUA

TabOnuma 2

I[MapameTpsl J1a3epHOIi 00paGOTKH M MUKPOTBEPAOCTH OCHOBBI 30HBI OIJIABJICHUS
W 30HBI J1a3ePHOT0 BO3/IeiiCTBUS

ITapametp
Howmep 30HBI BO3ICHCTBUS P, 4 v HV P/(dv)0'4,
00paboTKH kBt | MM | Mmm/c 2,04

kBT1/(MM7/c)
9 OcHoBa — — — 601+45
9 30Ha OIJIaBJICHUS 1 02 ] 20 778+23 0.574
9 30Ha TEPMHUUYECKOTO BIHUSAHUSA 549+61
13 30Ha OIJIaBJICHUS 1 2 5 775+48 0.398
13 30Ha TEPMUYECKOTO BIMSHUS 634+92
6 30Ha OIJIaBJICHUS 1 4 5 847481 0.302

He
6 30Ha TEPMUIECKOTO BIUSHUS
orpeseneHa

18 30Ha OIIaBJICHUS 08| 4 5 824+74 0.241
18 30Ha TEPMUYECKOTO BIMSIHUS 637+88
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Puc. 6. MukpocTpyKTypa 30HbI JIa3epHOro oruiasieHust uyryna CH20, nomy-
yeHHoll ipu P = 1 kBT, nuameTpe 1a3epHOro MiATHAa 4 MM U CKOPOCTH Tepe-
MEIICHHUS JTy4a 5 MM/C:

a — obmmit BUI; 6 — ceperiHA 30HBI OIUIABICHMS, BEPX; 6 — MPaBBI Kpall 30HbBI
OIJIABJICHUS], TPAHULA C UCXOIHOU CTPYKTYpOH

pPAaCIBUICHHIO CEeporo 4uyryHa ra3om [21] mmukpo-
TBEPJOCTh ONPEACISETCS CKOPOCTHIO OXJIAXICHUS
¥ KOPPETUPYET C TUCTIEPCHOCTHIO CTPYKTYPHI.

OneHKy CKOPOCTH OXJIQXKIIECHHS TIPH J1a3epHOU
00paboTKe MOXKHO CJIeJIaTh MO MapaMeTpy P/(dv)0'4,
KOTOPBII KOPPETUPYET C pa3MepamMu 30H JIa3€PHOTO
BozneicTBus [22] u xkputepuem Dypoe [23]. Co-
racHo [23] ryOuHa 30HBI JIa3€PHOTO BO3ACHCTBUS
NPOTIOPIIMOHATFHA KpuTepuio Dyphe, XapakTepu-
3yIOIIEMY BpeMsl OXJIAXICHUS, T. €. CKOPOCTh U3Me-
HEHHS TEMIIePaTyphl IPU OXJIKICHUN:

P
~——=~ PF",
(dv)"
rae m MoxeT npuHuMarh 3Hadenus 0.4 u 0.5.

MI/IKpOTBep,HOCTB B 30HAaXx JIa3€pHOro OIlIaBJIC-
HUsA B UCCIICAOBAHHBIX o6pa3uax YyryHa CHHXACT-

Csl C YBEJIMUCHHUEM TTapaMeTpa L (puc. 7).
( dv)0.4
Takum oGpa3om, HabIIOMaeTCS OOpaTHAs 3aBHU-
CUMOCTb OT CKOpOCTH oxjaxkaeHus. [loatomy ino-
TUYHO OOBSCHHUTH BBICOKYIO TBEPJOCTh B 00pasIax,
00pabOTaHHBIX Ja3€PHBIM JIYYOM C MIATHOM JUaMe-
TpoM 4 MM, MEHbILIEH MOTepen yriepoaa, 4em mpu

950 =

900 = T

850 —

800 =

Muxkpotsepnocts, HV,

750 =

700 T T T T T T T ]
0.2 0.3 0.4 0.5 0.6

P/ (@)™, xBr/(mm* / c)*

Puc. 7. 3aBUCUMOCTH MUKPOTBEPAOCTH 30HBI JIA3EPHOTO

_P
(dv)0.4

OIJIaBJICHHUA OT MapaMeTpa

00paboTKe TyuyoM, C(OKYCHPOBAHHBIM B IATHO JH-
amerpom 0.2 MMm. SIBieHHE mOTEpH yriepoaa B 30HE
JIA3€pHOTO OIJIABJICHHUSI U3BECTHO (CM., HalpUMep
[24]). B ocHOBe 3TOro SIBJICHUS JIEKUT MEXaHU3M
TepMuuecku UHIynupoanHoi (up-hill) nuddyzun
yriiepona K 0oJee X0JI0AHOM MOBEPXHOCTH pacIuia-
Ba Ha CTa/INU OXJIAKICHHUS.
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[TpencTaBisitoT WHTEpEC W3MEPEHHS TMOTEpH
Macchl 00pa3lOB B XOJ€ Ja3€pPHOTO OIUIABIEHUS,
TaK KaK OHM MOTYT JIaTh JTOTIOIHUTEIHHYI0 HH(DOP-
Manuto. [Ipr ManbIx pazMepax rnsTHa u3-3a BEICOKOU
IUIOTHOCTHU MOIIHOCTH JIa3€PHOTO U3ITyUeHus oTe-
P MacChl 3HAYUTEIHHO OOJIBIIE, YeM MPHU OOTBIIHIX
pasmepax maTeH (puc. 8). Ilpuuem 3aBucuMocTH
MOTEPU MACCHI OT MMAPAMETPOB JIa3ePHON 00padOTKH
1u1st otbenenHoro ceporo uyryna CH20 otauvaroTcst
OT TaKUX K€ 3aBHCUMOCTEH, TOTyYeHHBIX paHee Ha
YyT'yHE HUPE3UCT C yelryidarsiM rpagurom [13].

HccnenoBanus notepu maccol (Am) B XoJie Ja-
3ePHOTO OIUIABJICHUSI BEJIHCh TPU BapbUPOBAHUH
pasMepa niaTHa (d), CKOPOCTH TIEPEMEIIICHHS JIa3ep-
Horo ayy4a (v) u ero moutHoctu (P). Ha puc. 8 npu-
BEJICHBI PE3YNBTAThl ANMPOKCHMAITUH TTOTy9IEeHHBIX
JTAaHHBIX TI0 MOTEepe Macchl 00pasiia, OTHECEHHOH K
JUIMHE JIa3epHOU JTOPO’KKH, B 3aBUCHMOCTH OT Ia-
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pamerpa P / (vd)0'4, KOTOPBIH KOPpPEIHpYeT C
pasMepaMu 30H Jla3epHOro BozaewcTBus [21, 22].
Pesynbrarel coOpaHbI B TPYMITEI ¢ OAMHAKOBBIMH d
U V IIPH BapbUPOBAHUM MOIIHOCTH JIA3€PHOTO H3-
nydyeHus P.

MOXHO BHIETH, YTO TOTEPS MACCHI OIHCHIBA-
eTcsl KBaJApPaTUIHON 3aBHCHMOCTBIO OT IMapaMeTpa
P / (vd)**, aro ommuaercst or nuHeitHoil 3aBu-
CUMOCTH, TTOJTyYSHHOH MPH MPOBEJICHUY aHATIOTHY-
HBIX DKCTIEPIMEHTOB Ha YyT'yYHE HUPE3HCT C YelIyHi-
yatbIM rpagutom [13].

1.6 —

©
]
-—

o
o0

[Torepst Macchl Ha 1 MM JIOPOXKKH, MI
o
~

1.2

P/ (dv)**, xBr/(mm* /c)*

Puc. 8. 3aBucuMOCTH TIOTEPH MacChl 00pa3IoB MPH Jia-
3epHOM oriaBieHnr yyryHa CU20 B mcxomHoMm oTOe-
JIEHHOM COCTOSIHWH, OTHECEHHBIE K JITTHHE JIa3epHOH J10-
POXKH, OT ITapameTpa: W/(vcl)0'4:
I —-v=5mm/cud=02wmm; 2 —v=10Mm/c ud=0,2 Mm;
3—v=20mm/cud=02mMm; 4—v=>5wmm/cud=4mm Ha
Bcex kpuBbIX P Bapbupyercs ot 0.6 10 1.0 kBt

46  Nel(74)2017

MATEPUAJIOBEJIEHUE

MOXHO TIPEIIOJI0KHUTh, YTO Pa3ININE B BHJIEC
KPUBBIX, H300pKCHHBIX Ha PHC. 8, U aHAJIOTHY-
HBIX KpPHBBIX, TPUBEACHHBIX B [13] g dyryHa
HUPE3UCT, CBSI3aHO C OCOOCHHOCTSIMH CTPYKTYPBI
W pasIUYMsIMH B MEXaHU3MaX yHIaJleHUs MaTepua-
na. EcTb cBeneHuss 0 BOBMOXXHOCTH CyOIMMAaIiuu
rpaduTa mpu JiazepHo o0pabOTKe YyTyHOB, C YEM
CBS3BIBAIOT OOpaszoBanme mop [25]. B HacTosmei
pabote 0Opa3oBaHHE TIOP HAOIIOAAETCS TOIBKO TPU
00paboTtke chokycupoBaHHBIM JIydoM (d = 0.2 MmMm)
B HIDKHEW YacTH 30HBI orasieHus (puc. 4). O06-
pa3oBaHUE TOP OYEBUIHO CBS3aHO C 00pa30BaHUEM
y3KOTO M TIIyOOKOTO KaHasla MPOILIaBICHHS, HIK-
HsI 4acTh KOTOPOTO MpH OOJbIIOI CKOPOCTH Tepe-
MeteHus gyda (v = 20 MM/C) MOXKET OCTaBaThCs B
o0beme MaTrepuana. JTo siBJIeHHE HAOIIoIaeTcs pu
Ja3epHO cBapKe C ITyOOKUM IporuiaBieHuemM. [1pu
pachokycupoBaHHOM J10 2...4 MM JIa3€pHOM JIy4e U
MEJIJICHHOM €T0 MePEeMEIICHNH TTOPHI B 30HE OTIIaB-
JICHHsI He 00pa3yroTCsl, HO MPH 3TUX PEKHMAX MO-
T'YT 00pa30BBIBAThCS TPEITUHBI, BUIUMBIC HA PHC. 3.
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Laser surface melting of the cast iron SCH20 after chill casting
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Abstract

The influence of parameters of laser melting of gray cast iron SCh20 on the surface topography, microstructure
and microhardness is investigated. Parts of centrifugal electric submersible pumps (ESP) for oil production are made
of gray cast iron. According to the chemical composition, the analyzed material is gray cast iron. But due to the
rapid cooling during casting the material in its initial state has the structure of white cast iron. The rapidly cooled
from the melt cast iron (chilled iron) has a high hardness and wear resistance due to the presence of ledeburite in the
structure. However, it is of interest to further increase the surface hardness by laser melting. Usually white iron is
slightly hardened by laser melting. However, in this case the cast iron observed significant hardening. Samples were
cut from the part obtained by casting in a metal mold, and had the form of 3 mm thick plates. Laser surface melting
was carried out using a fiber laser with the 1.07 um radiation wavelength and a circular cross-section laser beam. The
varied parameters were: a speed of beam movement v, a spot size d, and a power of the laser beam P. Microhardness
was measured with a load of 50 grams.

Laser melting in this case does not change the type of structure. However, the dispersion of the microstructure
increases significantly. As a result of structure refinement, the microhardness increased from 500 to 770...850 HV ...
When a spot size of 0.2...0.5 mm periodic relief is formed on the surface. The relatively smooth surface of the
track is formed by laser beam with spot size of 2...4 mm. Simultaneously, in this case, the material has a maximum
microhardness.

Before and after laser treatment, the samples were weighed. Mass change Am per unit of length of the laser
tracks is determined. It is shown that the value of Am well approximated by a quadratic dependence on the value of
P/(dv)**. 1t is known that the value of P/(dv) 0.4 is proportional to the size of the laser melting zone. Previously,
during a study of laser melting of austenitic Ni-Resist cast iron with flake graphite, it was found, that Am is in linear
dependence on the value of P/(dv)0‘4.

Keywords
laser surface melting, gray cast iron, white cast iron, surface topography, microstructure, microhardness,
ledeburite, structure refinement.
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