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PEDEPAT

Juccepraumss COCTOMT U3 BBEICHUS, YETBHIPEX pa3lesoB, 3aKIIOUYEHUS,
U3NIOKeHHast Ha 69 cTpaHuuax u colepxur: 15 pucynok, 11 Tabmui, cnmcok
nuTeparypsl u3 46 HaMMEHOBaHMA.

KuroueBble c10Ba: ja3epHbIN JIyd, JJa3epHAsl TEXHOJIOTHWS, JIa3epHas HaIlJaBKa,
BOCCTAaHOBJICHME BajOB, TMOPOMIOK JUIsl JIa3epHOM  HAIUIaBKW, JIBUTaTelb
BHYTPEHHETO CrOpaHue, TBEPAOCTh, (pakuus TMOPOIIKa, KOJEHYAThId Ball,
CKOPOCTb HaIlJIaBKH.

AKTyaJIbHOCTH HMcciaegoBanuii -  [IpoOinema u3HOCa B MAaIIMHOCTPOEHUU
ABJIIETCSI BEChbMa aKTYaJbHOM M B HAcToOsIIee BpeMsi, MPAKTUYECKUN OTCYTCTBYET
MPEANPUATHS 110 BOCCTAHOBIICHUIO U3HOIICHHBIX JIeTaleH.

Heab wucciaenoBanmii: Pa3zpaborka HaydHO OOOCHOBAaHHBIX TEXHOJOTHYECKUX
npoueccoB JnazepHor HaminaBku mnopomkoMm [IH73X16C3P3  wu3HammBaeMbix
MOBEPXHOCTEN KOJEHYATOrO Bajla JIBUTATENed BHYTPEHHETO CrOpaHUs W
MOBBIIICHUE CIYKEOHBIX CBOWCTB HAIUIABJIEHHOT'O MeETaja 3a CYET MOBBIIMICHUS
M3HOCOCTOMKOCTH U MEXAaHWYECKHX CBOMCTB HAILJIABJIEHHOI'O METAJIA.

OO0beKT wHccaenoBaHMii: B kauecTBe OCHOBHOrO MeETajljla MCIOJIb30Bajlach

KOJIEHYAThIN Baj, U3TOTOBJIEHHBIN W3 cTanu 45. HamiaBky BBITIOTHSIIN Ja3epHBIM
aydyoMm B CO, nopomkom [TH73X16C3P3.

Meton wucciaenoBanmii: B paboTe uHCNONB30BaIUCh (PU3NYECKHE METOMAbI
MCCIIEIOBAHNN: KAYECTBEHHBIN U KOJIMYECTBEHHBIM PEHTT€HOCTPYKTYPHBIN aHAIU3,
1abopaTOpHbIE UCCIEI0BAaHUS, METObl TUIAHUPOBAHUS SKCIIEPUMEHTOB, HAYYHBIX
HCCIIEIOBAHUM.

Ionyuennsblie pe3yiabraThbl: 1) Pazpaborana TeXHOIOTHS JIa3epHOMN HAILJIABKU; 2)
BrisiBniena ontumainbHas ppakius HaraBiasieMoro nopoiika; 3) Beiopanst
ONTHUMAJIbHBIE PEKMMBI HAIUIABKU; 4) MOJy4eHa He0OX0oAruMasi TBEPIOCTh
HaIUIaBJICHHOIO CJIOS.

Hay4yHnast HOBH3HA JMCCePTALMM:

B pabGore o00OCHOBaHBI TEXHOJOTMYECKHME TMapaMeTpbl HAIJIaBKU IS
caMOQIIOCYIOIIMXCA  MOPOIIKOB TMPU  HKCIOJB30BAaHUU HHEPTUU  J1a3epHOTO
U3JIyYeHUS] MEHEE OJJHOTO KUJIOBaTTa, PACCMOTPEHbI BIUSHUE TEXHOJOTUYECKUX
napamMeTpoB HaIJIaBKM Ha CTPYKTYpy M CBOMCTBa NOKpPBITUM, pa3zpaboraHa
TEXHOJIOTHSI HAHECEHUSI CaMO(]IIIOCYIOIIKUXCS MOPOIIKOBBIX MAaTEPHAIIOB.

Hay4Hasi 3HAYHMOCTb MCCJIE€J0OBAHUIN:

1) IlpoBeneHbl HKCIEPUMEHTAJbHbIE  HCCIACAOBAHHUS IO  YCTAaHOBJICHHUIO
3aBUCUMOCTH MUKPOTBEPOCTH HAILJIABJIEHHOTO €104 OT (hpakiuii MOPOIIKa.

2) BoisBiieHa 3aBUCMMOCTh U3MEHEHHUS MUKPOTBEPIOCTH OT CKOPOCTH JIa3epHOM
HaIUIaBKU C OJHOU U TOM ke (ppakiuei mopoiika.

IIpakTnyeckas 3HAYNMOCTb UCCJIEIOBAHMIA:

Pe3ynbpTaThl UCCIEN0BaHUS SIBUJIMCh OCHOBOM JIJIs1 pa3pa0O0TKU U MPOMBIIIJIEHHOTO
BHEJIPEHHSI TEXHOJIOTMIO JlazepHo HarmaBku nopowmkom [TH73X16C3P3
KOJIOHYATBhIX BAJIOB JIBUraTejedl BHYTpeHHero cropanus. [IpumeHeHue moporika
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dpakmueit 100...200 Mxm 1a3epHOTO Jiyda MO3BOJIIO YIYYUTh TEXHOJIOTUUECKUE
coiicTBa nopoiuka [TH73X16C3P3, pazpaboraTe U BHEIPUTH JIA3E€PHYIO HAIIIABKY
KOJICHYAThIX BaJIOB JIBUTaTeJsl BHYTPEHHErO CrOpaHUs MO3BOJISIOIIETO MOBBICUTH
M3HOCOCTOMKOCTh HaruiaBieHHoro Mertamia cucreMbl Cr, B, Ni, Si 3a cuer
ONTUMM3AIUHU TPAHYJIOMETPUUYECKOT0 COCTaBa MOPOIIIKA.

Caenenus o myoaukanusx. [To Teme auccepranuu ony6nrkoBaHa 1 cratbs

OcHOBHafl 4YacTh

Bo BBeneHun 000CHOBaHa aKTyalbHOCTh MCCIIEOBaHUM, CHOPMYIHpPOBaHA
1ueiab paboThl, MPEJCTaBICHbl Hay4yHas HOBHM3HA M MpaKTHYecKash 3HAYMMOCTh
pEe3yJIbTaTOB, MPHUBEACHHI OCHOBHBIE TOJIOXKEHUS, BBIHOCHMBIE Ha 3allUTY,
CTPYKTYpa 1 00bEM JHCCEepTALUU.

MarepuaJbl

Pemenue nocraBlieHHBIX 3a/1ad BO MHOT'OM 3aBUCHUT OT MPAaBHJIBHOTO BbIOOpA
npuMeHsieMbIx MaTepuanoB. Ha sTanmax paGoTsl npu nogdope pexuma o0padoTKHy,
Marepuaia JUisi HAIJIaBKM M TpU  pa3pabOTKe TEXHOJOTHYECKOro Mpolecca
MCIIOJIb30BAJIM HamOoJiee paclpOCTPAHEHHYI0 B MAIIMHOCTPOCHHHM CTalb 45 u
MPOMBINIIEHHO Bbiyckaemblil nopomok [TH73X16C3P3, cogepxammii KpeMHUK
u Oop (tab.l). B kauecTtBe CBs3yIOIIEH MpH HU3TOTOBICHWU OOMAa3Ku, s
HAHECEHHUs HAIUIABJICHHOIO0 MaTrepuala Ha IOBEPXHOCTh 00paslia MPUMEHSIIU
opraHudeckuil kiei-kapookcumeruiemnitonosdy (KML) nim okcus THALetono3y
(O3LD).

Tabnuna 1 Xumudeckuil cocTaB NPUMEHSIEMbIX MaTEPHAIIOB

XuMHueckue 31eMenTsl, %

Marepuarr C Cr Si Ni | Mn | B Fe S P
Cr.45 036- | 1,0- |0.17- |- 0.5- |- Ocm. | 0,025 | 0,025
044 [13 |037 0.6

[MH73X16C3P3 |04- |13,5- [25- |oeuw |10 |20- |397 |- ;
0,7 |165 |35 2.8

TexHos0rus1 HAIJIABKH.

Jlns ompeneneHusl ONTUMATBHBIX TEXHOJIOTUYECKUX IMapaMeTPOB HAIJIaBKU
nopomika [TH73X16C3P3 nHa Banm u3 cranu 45, Ha 00pa3iibl MOAABANICA MOPOIIOK
paznmuunoit toimuHel oT 200 1o 800 MKM M oOpabaThiBaiM €ro U3JIy4CHHEM C
mIoTHOCThIO MomtHOocTH  50...400 Bt/cM?. Tlpu 5TOM MeEHsIach CKOPOCTh
nepeMenieHus: 00pas3oB OTHOCUTEIBHO Ja3epHOT0 U3JIYYEHHs U pa3Mep padboyero
naHTa (Taba. 2).. HamnaBineHHOE MOKPBITHE OIIEHWBAJIOCH MO BHEIIHEMY BUAY —
IIEJIOCTHOCTh CJI0SI, HEPABHOMEPHOCTh 1O IIUPHUHE W BhIcOTE. Kpome 3Toro s
HAIUJIABJICHHBIX  TOKPBITUHA  YJOBJIETBOPUTEIBLHOTO  KayecTBa  MPOBOJUIIACH
u3MepeHue 1o BeicoTe cios. [lomydaemoe MOKphITHE KiacCUPUIIMPOBATIOCH
cieayromum odpazoM. Eciu HarmmaBieHHBIM CIIOM MMeE OTCIOCHUS OT MaTepuasa
BaJIa IO BCEHl JUIMHE “AOPOKKK~ WM €€ 4YacTH, TO B 3TOM CJIydyae OH MOJIydal
OIICHKY TuI0X0. HamaBieHHBIN C0¥, UMEIOMUNA 3HAYUTENIbHBIE WMCKaKEHUS TI0
IIUPUHE U BBICOTE, IMOJy4Yal OLICHKY — YAOBJIETBOPUTEILHO. XOpOIIee KauyeCTBO
JIaBaJIOCh HAIUJIABICHHOM JOPOKKE, UMEIIIEH HEPaBHOMEPHOCTDH IO IIUPHUHE 0
0,2 MM u 110 BeIcOTE 710 0,1 MM.



Tabnuia 2 TexHonornueckue

mapaMcCTpPhbl HallJTaBKH1 IMOopoIIKa

I[TH73X16C3P3
TomnmuHa nmopoiika, MM Huametp nyda, MM CKopocCTh nepeMeInieHus
Jy4a, MM/MUH
0,2 2 90,140,380
0,2 3 90,140,380
0,2 4 90,140,300
0,4 2 90,140,380
0,4 3 90,140,380
0,4 4 90,140,210
[Tpumeuanue: MOIHOCTH U3TYUYCHUS TSI BCeX PeKUMOB 00padoTku 750. ;5 BT

Ouenp xopolee Ka4yecTBO MOJYYHIa HOKPBITHE, Y KOTOPOrO MO BCEU JJIMHE
Kojebanue mo BeicoTe He mpeBbimano 0,05 MM, a mo mwupune 0,1mm. [ns
MpeIBapUTEIbHO HaHEeCEeHUs 00Ma3Ku TONMIHUHON 200 MKM ONTUMAJIbHBIE PEKUMbI
HaIlJIaBKU COOTBETCTBYIOT ckopocTu mnepemenienus 140 mm/muH u 180 Mm/mMuH
py JUaMeTpe CBETOBOro mATHa 2 MM U 140 MM/MHH NpU AMAMETpPE CBETOBOTO
matHa 3MM. To ecTh IpoLecC OCYIIECTBISETCS MPU IUIOTHOCTA MOLIHOCTH
na3zepHoro uznydenus 180...268 B1/cm?, npuyem, AJi MOKPHITHS OY€Hb XOPOIIETO
KauecTBa 3TO BenuuuHa paBHsaeTcs 268 Bt/cm?. Ilpu 3ToM st naHHO#M obmactu
HaIUIaBKU TOJIIIMHA TOKPBITUSA cOcTaBiseT nopsaka 200 MKM Juis msTHa 3MM U

2mMm (puc.1).
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Pucynok 1. OnTuMu3aims TeXHOJIOTHIECKUX PEKUMOB JIa3epHON HAILIIaBKU
nokpeiTuii nopomok ITH73X16C3P3 ¢ npenBapuTeIbHO HAHECEHHBIM CIIOEM
oomazku 200 MKM.
a) OILICHKA Ka4yeCTBa HAIUIaBKU: (-) — IUI0XO0, (0) — YAOBJIETBOPUTEIIBHO, (A) —
XOpo1110, (+) — 04€Hb XOPOIIIO;
0) TOJILIIMHA HATUIABJIEHHOTO CIOS AJIs Ja3epHoro jiyda nuamerpom 4 mm— (0), 3
MM — (X), 2MM — (A).
MontnocTs nznydenus 750 Bt

Crtpykrypa u cBoiictBa camoduirocyromerocs nopomka [TH73X16C3P3

HaubGonee OnM3KMM K TUHNOTETHUYECKOMY IMpPEANOIaraeMoMy COCTaBy s
HAIUJIABKH TOKPBITUH JIA3€PHBIM JIy4OM SIBJISIETCS TPOMBIIUICHHO BBITYCKAeMbIN
camodumocyronuit - mopomok  cuctemMbl  Ni-Si-B-Cr (TY  14-127-185-82).
[IpoMBbIIIIIEHHOE M3TOTOBJIEHUE MOPOLIKOB ATOrO KJACCa OCYIIECTBISETCS MyTeM
pa30pbI3TUBaHMs paciulaBa B CpeJe MHEPTHOTO rasza, B pe3yJbTaTe Yero JO0JKHO
JOCTUTAThCS TMOCTOSHCTBO Ka&XJIOrO 3€pPHBIINIKO 10 pa3Mepy U  COCTaBy.
Copepxanue 06opa W KpeMHHs JOJDKHO 0OecleurBaTh pacillaBIeHHOW Macce
KHUJIKOTEKY4eCTh U XOPOIIYI0 CMaulBaeMOCTh. B XoJie mpoiiecca pacriaBieHus Ha
MOBEPXHOCTH 3€pPEH MPOUCXOIUT OKUCIEHUS C 00pa3oBaHHWEM OOpPOCHIMKATHOTO
cios

MeOQOy + B + Si = Me + BxOy - SiOy

[locne Hayana mporecca B TPAaHUYHOM CJIOE, PEaKIUsl B paciliaBe MpPOTEKaeT

COTJIaCHO YpaBHEHUIO
BxOy - SiOy + MeOy + B + Si = xMe + xBxOy - SiOy

[IpoTekanue 3TOM peakinK OMpeneNseTcss BBICOKMM CPOJCTBOM K KHCIOpoAy Oopa
n kpemHus. OJIHaKO coJiep)KaHHE IMOCJIEIHUX B TMOPOIIKE OrPaHUYEHO, U
CJIeI0BaTEIbHO, OOJBIIOrO KOJIMYECTBA OKHUCIOB METalJla OHM BOCCTAHOBUTH HE
MoryT. Kpome TOro, oHu He MOTYT BOCCTAHOBUTH OKHCIIBI METAJIOB TaKUX Kak



QTIOMUHHWI, MarHuu, TUTaH, HUOOWH, TaHTall, KOTOpPhle HMMEIOT 00Jiee BBICOKOE
CPOJICTBO K KHCIIOpPOAY. DTO CIIEAYET YYUTHIBATH MPU HAIUIABKU MOPOIIKOB 3TOTO
COCTaBa Ha BaJl U3 BBIIICYIOMSHYTBHIX METAJJIOB.

JInsi OUEHKM BIMSHUS 3€pHA HA CBOWCTBA HAIUIABIISIEMBIX CJIOE€B IMOPOIIOK
npoceuBaicsa yepe3 cuta ¢ pasmMepoMm sgueiiku 200 mkm, 100MkM m 60 MKM.
N3mepenue TBEpAOCTH KaKIOW (QpakiMK MOKa3ajo CYIIECTBEHHYIO 3aBUCHUMOCTh
ee oT pasmepa (puc.2). Buaumo, 3To Takxke CBS3aHO CO 3HAYUTEILHONU CKOPOCTHIO
OXJaXJEHUS YacTUI[ MEHBIIEH (Qpakuuu W OTCYTCTBHEM BO3MOXXHOCTH
oOpa3oBatbcs pa3zaM, MPUAAIOIINM COCTABY MOBBIIEHHYIO TBEPAOCTb.
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Pucynok 2 3aBucumocts TBepaocTH nopoiika [IH73X16C3P3 ot dpaxiuu.

HamnaBka mopomika Ha oOpazeny u3 craim 45 1oKazana CYIIECTBEHHYIO
3aBUCUMOCTh TBEPJOCTU HAIUIABIISIEMBIX MOKPBITHHN OT (hpakiuu mopoiika (puc.3).
I[Ipy omHOM W TOM K€ CKOPOCTHM HAIUIAaBKA TBEPIOCTh IOJYYAa€MBbIX CJIOEB
CYIIECTBEHHO OTJWYAIOTCS, TaKXE€ €CTh pa3jIMuMe IO BeJIWMYMHE HarutaBku. [Ipu
pabore ¢ BenuunHoW 3epHa 100...200 MKM HarUIaBJICHHBIM CJIOH HMEET
MaKCUMAJIbHYIO  TOJIIUHY 70 300 MKM W MaKCHUMaJIbHYI0 pPaBHOMEPHO
pacnpeiesieHHyI0 10 TOJIIIMHE TBepAoCcTH, paBHYI0 6500...7000 MIla. TBepaocTh
HAHOCUMBIX MOKPBITUM C MCIOJIB30BAHUEM MOpOIIKa ¢ pazMepoM 3epeH 60...100
MKM W MeHblle 60MkM 3HauutenbHO Hmwke — 3000 MIla u 2500 MlIla
COOTBETCTBEHHO. 3J1eCh SIBHO MPOCIIEKUBACTCSI 3aBUCUMOCTh CBOMCTB (TBEPAOCTH)
MOJTy4ae€MbIX TTOKPBITUH OT UCXOHOM TBEPIOCTH MOPOIIKA.
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Pucynok 3 Pacnipenenenue TBep1OCTH 110 TIyOUHE CI10sI TOPOIIKA

[MTH73X16C3P3 paznuunoit (hpakiuu, HAIJIABIEHHOTO Ha CTallb 45.

HannaBka mnopomka

bpakuuein

OTJIUYMS B CTPYKTYpE HAIIaBIEHHOTO cJ0s (puc 4).

100...200 MKM 1OKa3ajio
CYILIECTBEHHYIO 3aBUCHMOCTh TOJIy4a€MbIX CBOMCTB 3aBUCHMOCTH IOJTy4aeMbIX
CBOMCTB TOKPBITUS OT PEKUMOB HarulaBku. MakcumanibHas TBepaocTh 7300400
MIla gns ckopoct 130 mMm/muH. Takke ObITM 3aMETHBI U CYIIIECTBEHHBIE
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Pucynoxk 4. Pacripeenienre TBepA0CTH 10 TITyOMHE HAIJIABIEHHOTO CJIOs
nopowka [TH73X16C3P3Ha ctanb 45 1 3aBUCUMOCTH OT CKOPOCTH HAIUIABKH.
W=750 Bt, d=3,0 mm, V=380 Mmm/MuH — ®; 130 MM/MUH - X

B cTpykType HamnaBaeHHOTO €105 KakK MPY HAIJIaBKH CO CKOPOCTBIO MepeMEICHUs
380 MMm/MUH, Tak W CO CKOpOCThIO mepemenieHuss 130 MM/MUH, 3aMeTHbI
MHOTOYHCIIEHHbIE (OpPMHUPOBaHUA. TOJNIBKO B HAIJIABIEHHOM MOKPBITUU C
MaKCHUMaJIbHOW CKOPOCTbIO HAIJIABKM OHU UMEIOT pa3Mep MOpsaKa HECKOIbKUX
MUKpPOH, a MPU MEHBIIEH CKOPOCTH HAIUIaBKU 3TH COEAMHEHUS MMEIOT pa3Mep
MOpsAJIKa HECKOJIBKUX JI€CSITKOB MUKPOH.

BrIBoabI

1 UccnenoBana 3aKOHOMEPHOCTh U pa3pabOTaHa ONTHUMaJbHAs TEXHOJIOTHS
dbopMHpOBaHUS  MOKPHITUH HAa  OCHOBE  CaMOQJIIOCYIOLIErocs  MOpPOIIKa
ITH73X16C3P3, ucnonb3yemMoro s J1a3epHOM HAIUIaBKHU.

2 OnTUMH3UPOBAH rpaHysioMeTpuyecku coctas nopomka [TH73X16C3P3.

3 BrisiBieHa 3aBUCUMOCTD CTPYKTYPBI U CBOWCTBA HAIUIABISEMbIX MOKPBITUH
OT TEXHOJOTUYECKHUX MapaMeTPOB Ipoliecca.

4 N3ydyen mexaHu3M (OpMUPOBAHUS CTPYKTYPhl HAIUIABICHHBIX MOKPBITUH
Ha ocHoBe caMmodmocytouierocs nopomka [TH73X16C3P3.  Crpykrypa
MPEACTaBIACT COOOI IBTEKTUUECKUI CIJIaB HA OCHOBE HHKEJS, UHTEpMETaIu/a
Cr)Ni u xopoupa Cr;3Cq. OcCHOBHOE BIMSHHE Ha TBEPAOCTh OKa3bIBACT
JUCIEPCHOCTh (OPMHUPYEMBIX COEIMHEHHH, pa3Mep KOTOpPBIX KoJjeOynercs OT
HECKOJIBKUX MHKPOH JI0 JIECSATKOB, a TaKXke pa3z0aBieHHE HAIUIaBJISIEMBIX CIIOEB
MaTepuaioM Baja.



5 OnpeneneHbl TEXHOJOTHMUECKHWE PEXKHUMBbI HAIUUIaBKU  TMOKPBITUH  C
MOJIyYeHHEeM HEOOXOJAUMBIX CBOWCTB M KauesTBA MPH MPOU3BOIUTEIBLHOCTH
npouecca HaraBku 10 600 MM>/gac.

6 OOOCHOBaHBI OINTUMAJbHBIE HHTEPBAIBI TEXHOJOTHMYECKUX IMapaMeTPOB
HAIJIaBKU I Pa3jIMYHOM TOJIIMHBI MPEABAPUTEILHO HAHECEHHOTO Ha Ball
MOPOIIIKA.

7 PazpaboTaHa TEXHOJIOTHUS MMOJATOTOBKY MOBEPXHOCTH JETaIU U MOPOIIKA IS
HaIlJIaBKU TOKPBITUH M yCTpoHcTBa (MpHUCIOCOOJIEHHUE) Ui €r0 HAaHECEHUs Ha
JIeTajb.

Cnmcoxk HayYHBIX TPY/AOB
1 KacbiMkanoB O.M. IHHOBallMOHHBIE HAIPABJIEHUS JA3€PHBIX TEXHOJIOT U B
MamuHocTpoeHuu // Marepuansl 10-if PecriyOnukaHckoil cTyaeHYeCKONH Hay4YHO-

TexHnyecko koHpepeHnn «CTyIEHT M HayKa: TBOPYECTBO M TMEPCHEKTHBBIN-
Yerp-Kamenoropek, 2010r., 52-53¢
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ABSTRACT

The thesis consists of an introduction, four chapters, conclusions, contained 69
pages and contains: 15 drawing, 11 tables, bibliography of 46 titles.
Key words: laser, laser technology, laser welding, restoration of walls, powder for
laser cladding, internal combustion engine, the hardness, the fraction of powder,
crankshaft, speed surfacing.

Background research - problem of wear in mechanical engineering is highly
relevant in the present time, virtually no company to restore worn-out parts.
Objective: Develop science-based process of laser cladding powder ITH73X16C3P3
wearing surfaces crankshaft of internal combustion engines and improving the
service properties of weld metal by increasing wear resistance and mechanical
properties of weld metal.

The object of research: As a base metal used crankshaft is made of steel 45.
Surfacing performed by a laser beam in a CO, powder ITH73X16C3P3.
Method of research: We used physical methods of research: qualitative and
quantitative X-ray analysis, laboratory tests, methods of planning experiments and
research.

The results are: 1) The technology of laser cladding, and 2) revealed an
optimal fraction of deposited powder, and 3) The optimum regimes of deposition,
4) obtain the necessary hardness of deposited layer.

Scientific novelty of the dissertation:

The work reveals the technological options for the surfacing of Self-fluxing
powders using the laser energy is less than one kilowatt, examined the influence of
technological parameters of deposition on the structure and properties of coatings
developed technology of Self-fluxing powder materials.

The scientific importance of research:

1) The experimental study to determine the microhardness of deposited layer
of powder fractions.

2) The dependence of microhardness on the speed of laser cladding with the
same fraction of the powder.

The practical significance of research:

The results were the basis for the development and commercialization of the
technology of laser cladding powder ITH73X16C3P3 columnar shafts of internal
combustion engines. Application of the powder fraction of 100 ... 200 mm laser
beam would improve the technological properties of powder ITH73X16C3P3,
develop and implement a laser cladding of crankshafts of internal combustion
engine which enhances the wear resistance of weld metal of Cr, B, Ni, Si by
optimizing the particle size distribution of powder.

For information on publications. On the topic of the thesis published an article
Most.

In introduction the urgency of research, is the objective of work presented scientific
novelty and practical significance of the results are the basic provisions for the
defense, the structure and scope of the thesis.
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Materials
The solution of these problems depends largely on the correct choice of materials
used. At stages in the selection of the treatment regime, the material for deposition
and in the development process used most widely in engineering and 45 steel
industry produces ITH73X16C3P3 powder containing silicon and boron. As a
liaison in the manufacture of coating, for applying a weld material on the surface of
the sample used an organic adhesive or carboxymethylcellulose oksietiltsellyulozu.
Technology surfacing.

To determine the optimal technological parameters of welding powder
PN73H16S3R3 on the shaft of steel 45, the sample was applied to powder of
various thicknesses ranging from 200 to 800 microns, and treated it with radiation
power density of 50 ... 400 W / cm 2. This changes the rate of displacement of the
samples on the laser radiation and the size of the working pyanta. Weld coating was
evaluated by their appearance - the integrity of the layer, the unevenness of the
width and height. In addition to the clad coatings of satisfactory quality, we
measured the height of the layer. The coating was classified as follows. If the
overlay had detached from the material of the shaft along the full length "tracks" or
part thereof, in this case, he received an assessment of bad. Overlay, which has a
considerable distortion of the width and height, we estimate - satisfactory. Good
quality was given weld path, which has uneven in width up to 0,2 mm and the
height to 0, [ mm.

Very good quality has received coverage in which the entire length of the
oscillation at a height of not more than 0,05 mm and the width of 0,1 mm. For pre-
deposition coating thickness of 200 microns optimum conditions correspond to the
deposition rate of movement of 140 mm / min and 180 mm / min with a light spot
diameter of 2 mm and 140 mm / min with a light spot diameter of 3 mm. That is,
the process is carried out with the power density of laser radiation 180 ... 268 W /
cm 2, where, to cover a very good quality is a value equal to 268 W / cm 2.

To assess the effect of grain on the properties of fused layers of powder was
sifted through a sieve with cell size of 200 um, 100um and 60 microns. Measuring
the hardness of each fraction showed significant dependence on its size.
Apparently, this is also associated with a significant cooling rate of particles smaller
factions and the inability of formed phases, the composition imparting higher
hardness.

Findings:

1. One studied law and worked out the optimum technology of coatings based on
Self-fluxing powder ITH73X16C3P3 used for laser cladding.

2 Optimized particle size of powder PN73H16S3R3.

3 The dependence of the structure and properties of fused coatings on the process
parameters.

4 The mechanism of formation of structure clad coatings based on Self-fluxing
powder ITH73X16C3P3. Structure of a eutectic alloy of nickel based intermetallic
Cr,Ni and korbida Cry;Cs. The main influence on the hardness has a dispersion
formed by compounds whose size varies from several microns to tens, as well as
dilution of fused layers of material of the shaft.
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YK 629.113 Komxkasz6a pertinae

KACBIMKAHOB OJDKAC MOJIJAXMETYJIbI

Irei skaHy KO3FAJITKBIIITAPBIHBIH HiHAI Oi11eKTEePiH 63iriHeH
¢parocrenerin ITH73X16C3P3 yHTAFBIH KOJIIAHA OTHIPBIN J1a3epJii 0aJKbITHII
KANTACTBIPY

6N0712- MammHa kacay >XoHe KYPbUIBIM/IBIK MaTepHUaigap TEXHOJIOTHUSICHI

ABTOpedepar
MarucTp akaieMHsUIBIK JOPEXKECIH 13eHyre JUCCEPTALIMS

Kazakcran PecniyGnukachl
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Ockemen, 2010
Tylingeme

Jucepraumsi Typaabl: KipiclieJeH, TopT OediMHEH, KOpBITBIHABIIAH, 69 Oer
TyciHaipMeneH >xoHe on 15 cyperrten, 11 kecrenen, 46 onebuerTep Ti3IMIHEH
KYypaJIFaH.

KiarTi ce3aep: ya3epiik TEXHOJOTHUS, Ja3epiii MiCipy, OUTIKTI KalmblHA KENTIpY,
Ja3epiiKk MICIpy YHTarbl, IMITEH JKaHy KO3FAJITKBIIIbI, KATTBUIBIK, YHTaK
(bpakuuschl, UiHA1 OUTIK, MICIPY KbUIIAM/IBIFBL.

3eprrey o3ekTijairi: MammuHa kacayaa TO3y Macelieci oT€ ©3€KTl KoHe Ka3zipri
YaKbITTa TO3BIFbI )KETKEH OeJIIEeKTep 11 KalTaJaH KaJlbIHA KEeJITIPYy OHEPKICIITEPl
KOK.

3eprreyiepain Makcarbl: lmTel kaHy KO3FaJITKBIIITApBIHBIH HMIHI1 OUTITIHIH
to3aTeiH OeTTepin [TH73X16C3P3yHTarbIMEeH FBUIBIMU JI9JIENJIEHTEH Jla3epMEH
OQJIKBITHIN KANTACTBHIPY TEXHOJOTHSIJIBIK YpPAICTEpPIH Kacay >KOHE OalKbIThII
KaNTacThIPbUIFAH METAJJbIH TO3YyFa TO3IMJAUIINT MEH MEXaHUKAJBIK KaCUETTTEepIH
JKOFapJiaTy HeTi31He KbI3METTIK KaCUETTEPIH apTThIPY.

3eprTey o0bekTici: Herisri meran Heriziae Oonar 45-TeH jkacalblHFaH HWIHII
OuTiK KojAaHbUIFaH. bankeitein — Kantactelpyasl CO, nasep coyneciMeH
ITH73X16C3P3 yHTaFrbIH KOJIIaHA OTBHIPBII JKACAJIFaH.

3eprrey oaicrepi: JKympicTa (QU3MKANBIK 3€pTTEy oJICTepl KOJIJIAHBUIFAH:
canayblK >KOHE CaHIBIK PEHI€HKYPBUIBIMABIK Tajaay, 1a00paTopHUsIIbIK 3epTeyIiep,
TOXIprOenepal )xocnapiay 9/ici, FbUIBIMU 3epTTEYIIEp.

AJdbiHFaH HITHKeJep: 1) Jlasepnik OanKpITBI KAaNTacThIPy TEXHOJOTHUACHI
KacanblHAbl, 2) BalKbITHI KanTacThIPATblH YHTAKTBIH ONTHUMAaNIbl OeJiKiieci
TaHJanbl; 3) BanKbITBIT KANTacTHIPYIbIH ONTUMAAbl peXUMIEpl TaHIaIabl; 4)
BankpIThIN KanTacThIpFaH Ka0ATThIH KAXKETT1 KATTHUIBIFbI AJIbIH/IbI.
JluccepTauMsiHbIH FHLIBIMM KAHAJIBIFbI:

XKympicta, sHeprusicel Oip KWJIOBaTTaH a3 Ja3epil CoyJie ILIbIFapyabl KoJJaHa
OTbIpa ©3[IrHEeH (JIIOCTEeHY YHTaKTapbl YIIIH OalKBITHIIT KanTacTbIPYIbIH
TEXHOJIOTUSJIBIK MTapamMeTpiiepl Heri3Ae 1, KbIpbUIbIMbI MEH XaOblH KaCHUETTEepiHE
OQJIKBITBII ~ KANTaCTBIPYABIH ~ TEXHOJOTHSJIBIK  IMapaMeTpiepiHiH  acepl
KApacThIpbUIFaH, ©3/IrHEH (IIOCTEHY YHTaKTapblH TYCIPY TEXHOJIOTHUSACHI
’KacaJbIHFaH.

3epTTeyaiH FHIIBIMUA MAHBI3AbLIBIFbI:

1) bankpIThil ~ KanTacThIPbUIFAH  KAOAQTThIH  KATTBUIBIFBIHBIH ~ YHTaK
OeJTIKIIIeNIepiHe TOYSIIUIIr TOKIPUOEITIK 3epTTey Ke31H/1e aHbIKTaIbIHFaH.

2) ¥urakTeiH Oemikmienepi Oipaei GonraHaa Jia3epiik OaJKbITBIN KaNTacThIPY
KBUIIAMIBUIBIFbIHA OaNIaHBICTBl KATTBUIBIKTBIH ©3TEPYIHIH TOYEAUTIT1
AHBIKTAJIJIbI.

3eprreyain TIKipuOeJiK MAHBI3ABLIBIFbI:

3epTTey HOTWXKeNepl IIITEeH >KaHy KO3FAITKBIIITAPBIHBIH HIHAI OUIIKTEpIH
[MH73X16C3P3 yHTarbIMeH Jia3epiiK OalKBITHIIl KANTaCThIPy TEXHOJOTUSCHIH
’Kacay KoHE OHJIIpICTIK eHrizyre Heriz Oomabl. bemikmenepi 100...200 Mxkm
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YHTaKThl Ja3epiik coyine mbirapyasl  konmany I[TH73X16C3P3yHTarbiHBIH
TEeXHOJIOTUSIIBIK KACUETTEPIHIH JKaKCapybIHA OKEJIII COKTHI.

Heri3ri 6esim

Kipicnene 3eprreyaiH ©3€KTUIIN HET3AENAl, >XYMBICTBIH MaKcaThl KOWBLIIBI,
FBUIBIMU  JKaHAJIBIKTap MEH  HOTIDKEIEPIIH  TOXKIpUOENIK  MaHBI3AbUIBIFBI
KEJITIPUITeH.

BajaKbIThIN KANITACTBIPY TEXHOJIOTUSICHI

OTte kakchl camna >ka0yabl ajjibl, KACHIHBIH OapibIK Y3BIHIBIK TepOeny OuiKIeH
ouiknen 0,05 MM mamaman aceipMajibl, an eaMeH 0,1 MM. AJIbIH aja KeTiMIl xKary
XKOHE JIe , OTEe YKaKChl cama ka0yblHa apHajJFaH MbIHAYy MeJIIEp TeH Keyeai 2cM,
MBbIHAJIAp JKaHBIHJA YIIIH OaJKBITBII KaNTAacThIPYy Tall OChI OOJBICTApHI kKaly
KYaHABIK 3 MM KoHE 2 MM PETT1 KypacThIpabl.

MemniiepieH eneyimrep apKpUlbl OHBIH YHbIM MenmepiMeH 200 mxM ,100 MM
xoHe 60 MKkM . OpOip PpakIys KaTThUIBIK OJIIICY1 MaHBI3 bl TOYEIILIIKTI KOPCETTI
BIKIAJIBIH JKacay OarajayblHa apHaJIFaH KaOaTrTapJblH OajKbITHII KAaNTacCThIPY
KacUeTTepiHe OumalabIiH AoHAepiepi yHTaK ceourai . KepiHeTiH , MbIHay a3
dbpakius KilIKeHTail OeJIIeKTEePiHIH CaAIKbIHAAY MAaHBI3Abl KbULIAMIBIK KOHE
MYMKIHIIUTIK JKOK OOJyhIMEH COHBIMEH KaTap Oailayinel ¢aszamapra Kypbuly,
’KOFaphl KATTBHUIBIK KYpaMfa Koca OepylIiMeH.

ZKYMBICTBIH KOPBITHIHIBLIAPbI

1. Jlazepinik OaNKBITBINT KaNTaCThIPyJa KOJIJIAHBLIATHIH ©3AITiHEH (IIOCTECHETIH
[TH73X16C3P3 yHTarel HETI31HIE KaJbllTacaThiH KaOaTThIH 3aHIbUIBIFBI
3€pPTTENTEH KOHE KOJIAMIbI TEXHOIOT S 5KaCaJIbIHIBI.

2. ITH73X16C3P3yHTarbIHbIH I'PaHyJIOMETPHUSIIBIK KYPaMbl bIKIIIAMIAJI/IbI.

3. BanKbIThIN KaNTacThIPbUIFaH KaOATThIH KYPBUIBIMBI MEH KACHETTEPIHIH YPIICTIH
TEXHOJOTUSIIBIK MapaMeTpiiepiHe KAThICThI TOYENIUTIKTeP1 aHBIKTaJIbI.

4. Oszairinen  ¢mocrenetin  [TH73X16C3P3  yHTarel Heri3iHae OajKbITHII
KaNTacThIPbUIFAaH KabaT KYpPbUIBIMBIHBIH KaJbIITaCy MEXaHU3M1 3€pTTENreH.
KypbutbiMm  Hukib, uHTepMeTauma CryNi skone kopbuga Cry;C, HeriziHaeri
ABTEKTUKAJIBIK KOPBITIIa HEri3iHAEe YChbiHaIbl. KaTThUIBIKKA HETI3T1 ocep eTeTiH
KojeMi  OipHelie MUKPOHHAH  OHJIaFaH  MHKPOHFa  JIeliH  aybITKUTBIH
KOCBUIBICTap/IbIH JTUCTIEPCUSIIBIK KYPBLTYy OOJBIN TaObLIaAbl, COHBIMEH KaTap OLTIK
MaTepHaJIbIHBIH OaJIKBITHIN KaNTacThIpy KaOaThIMEH apanacybl O0naibl.
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