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AHOTAIIA

Illesuenko C. M. TexHomoriuHe 3a0e3MeueHHsT 3HOCOCTIMKOCTI JeTajaeii MammH
METOJlaMU XIMIKO-TEPMIYHOI Ta ajaMa3Ho-abpa3uBHOiI 00poOok. — Kaamidikaiiitna
HayKOBa Tparlsl Ha MpaBax PyKOIHCY.

Hucepraiiisi Ha 3700yTTS HAayKOBOTO CTYIEHS KaHIuAAaTa TEXHIYHUX HayK 3a
cnetianbHicTIO 05.02.08 — TexHOIOT1s MaIMHOOY TyBaHHS.

06’exm  0ocnioxceHHs: TEXHOJOTIYHI TPOIECH KOMIUIEKCHOTO  10HHOTO
a30TYyBaHHS Ta €JIEKTPO-EPO31HOTO aIMa3HOTO NUTIYBaHHS CTaJIEBUX 3arOTOBOK.

Ilpeomem  Oocniodcennsa: BIUIMB  TapaMeTpiB  TEXHOJIOTTYHUX  IPOIIECIB
KOMITJIEKCHOTO 10HHOTO a30TyBaHHs, anMazHoro nuundysanas (Alll) ta enekrpo-
epo3iiHOro  ajaMmaszHoro nuliyBaHHS Ha TeoMETpuyHI Ta  (i3UKO-MEXaHIYHI
XapaKTEePUCTUKHU TTOBEPXHEBUX IIApPIB CTAJIEBUX 3arOTOBOK.

MeTo10 IOCIIIKEHHS € MIABUIICHHS 3HOCOCTIMKOCTI JAETaJIed MAIIWH ILITXOM
00poOKHU KOMIUIEKCHUM 10HHUM a30TyBaHHSM (KIA) Ta 3MIIHIOBAJIbHUM €JIEKTPO-
eposiitHuM anmazuuM nutidysanasm (EAIL).

JI71s1 NOCSTHEHHS! BU3HAYEHOT METH HEOOX1THO BUPIIIMTH TaKi 3aa4i:

1. TIlpoanamizyBatu cyd4acHi TEHJICHIII 3aCTOCYBaHHSA 3MIIHIOBAIBHUX
TEXHOJIOT1M 00pOoOKHM Nerajeil MamMH ¥ IHCTPYMEHTIB MJisi BU3HAYCHHS TMEPCIEKTUB
BukopuctanHsa KIA ta EAILL.

2. TlpoBectn MopemtoBaHHA IU(DPY31HTHOTO TEPEPO3NOALTY a30Ty B CTaJICBUX
JETAISIX MPH iX 130TepMIYHOMY HarpiBi MICTsl OMeparlii 10HHOTO a30TyBaHHS B paMKax
KOMITJICKCHOI TEXHOJIOTiI Ta BH3HAYMTH 3aJICKHICTh EHEPreTHYHOTO BIUIMBY Ha
dbopMyBaHHS 3MIIHIOBAJLHOTO Iapy JJis a0pa3WBHOTO Ta E€JIEKTPO-€PO31HHOTO
aJIMa3HOTO NLUTIQYBaHHS.

3. BcTaHOBUTH BIUTMB MOCIAOBHOCTI TeXHONOTTYHUX onepiiiii KIA Ha cTpykTypy
Ta BIACTUBOCTI TOBEPXHEBUX 1 MPUIIOBEPXHEBUX IIAPIB CTAJEBUX 3aroTOBOK Ta
MPOaHaNI3yBaTH MOKJIUBICTh 3acTocyBaHHs KIA nms nmeraneil MammH W IHCTPYMEHTIB

PI3HHX 32 MPU3HAYCHHSM.



4. BuBuntu BrumB pexumiB EAIl wa mapamerpu sikocti I crameBmx
3aroTOBOK, BUSBUTH OCOOJMBOCTI ChOPMOBAHUX B pe3yJibTaTi NUTIGYBAHHS CTPYKTYpH
“oinmux mapis” (BLL) Ta BU3HAUNTH palioHaNbHI PEXUMHI TapaMeTpH 3MIIHIOBAIEHOTO
EAIL ITII neraneii 31 cTaneH, Mo BIAPI3HAIOTHCS 32 XIMIYHUM CKJIAJIOM.

5. Ouinutu 3H0cocTiiKkicTh moBepxHi michst EAII B mopiasiaH1 3 AT 1 EAILL 3
BKJTFOUCHHSM €TaIy BHXOKCHHSI.

6. Ha ocHOBI OoTpuMaHMX pe3ylbTaTiB JaTH TEXHOJIOT1YHI peKoMeHAaIli Ta
HaMITHATHU NUIIXHU iX BOPOBAHKEHHS Y BUPOOHUUY MPAKTHUKY IO 3aCTOCYBAHHIO METO/IB
KIA ta EAI nyist miABUIIEHHS pecypcy AeTajield i IHCTPYMEHTIB.

Y BeTyni OOTpyHTOBaHO aKTyalbHICTh Te€MH, CHOPMYIHOBAHO METy, 3ajaui,
00’€KT, MpPEAMET 1 METOAM JOCHIJ)KEHHS, HAaBEJICHO HAyKOBY HOBI3HY 1 NPAaKTHYHE
3HAYEHHA pe3yJbTaTIB AMCEpTallii, MOJaHO AaHi Mpo ampodamio podoTH, myOmiKamii 1
0COOMCTHI BHECOK 3700yBayda B XOJ[1 BAKOHAHHS JIOCT1KEHb.

Y nmepmomMy po3aisii BUKOHAHO aHami3 1 JaHa Kiacu@ikallis cydyacHUX 0OpOoOHO-
3MIIHIOBAJIbLHUX METOJIIB 00poOKM cTaneBux jaetanei. I[lokazaHo, 10 HE ICHYe€
YHIBEPCAIPHOTO METOAYy 3MIIHEHHS JeTajield, 3JaTHOr0 MOCHIMTH Ty UM I1HIIY
eKCIUTyaTalliiiHy BJIacTUBICTh. [IpoBeneHMT aHai3 MIATBEPIUB MOJOXKEHHS PO Te, 110
KOHKPETHI YMOBU €KCIUTyarTaiii Jerajeidl TMOHYKalTh 3aCTOCYBaHHIO pI3HIX
3MII[HIOBAJIBHUX METOIB 1 TEXHOJIOT1H, a TaKOX 30pIEHTYBAaB C(POPMYIIOBATH OCHOBHI
3a/1a4i IUCEePTALINHOTO JOCIIIKEHHS.

Y napyromy po3aiji chopMyIb0BaHO TEOPETHYHI IEPEIyMOBU TEXHOJOT1H
sminueHHsa KIA ta EAILL

3anponoHOBaHO OLIHIOBATA MOXJIMBICTh (POPMYBaHHS 3MILIHEHOTO IIApy, IO
OTPUMYETHCS TPYU BUKOHAHHI TEXHOJIOTIYHOTO MPOIIECY 3 YPaXyBaHHIM €HEPTeTUYHOTO
BIJTUBY Ha 3aroTOBKY; I IIbOTO BUKOHAHO aHANI3 TEXHOJOTIYHOTO MAapIIPYTy
oOpoOkM  mmuHAeHs 3yOomnuTidyBaapHOTO BepcTary 3  MOOYIOBOIO  jiarpam
TEMITEPaTypPHOTO 1 CHJIIOBOTO BIUIUBY 3 YpaxXyBaHHSAM TUMYACOBOTO YHHHHKA.

VY pe3ynbTari MoJCNIIOBaHHS TIporiecy audy3ii a30Ty B ACTalAX 3 JETOBAHOI CTall,

OTpUMAaJIM 3HAUYEHHs MMOWHU NMpoHUKHEHHs a30Ty B III, 3 ypaxyBaHHsSM uacy



BUTPUMKHM 3aroTOBKM B Tedl Npu Temreparypi rapryBaHHs. Otpumani ¢opmyiau
CHEepPreTUYHOro KoediiieHty, skuii oOymoBmoe BuHUKHeHHS bII npu EAI 1
abpa3uBHOMY HUTIQYBaHHI. 3 ypaxXyBaHHSM EHEPreTHUYHOTO KOE(IIIEHTY, OTPUMAHO
dbopMmyny s BU3HAYEHHS TIMOMHM 3MIIHEHOTO IHapy; LS 3aJeXHICTh BpPaXxOBYE
TeMIrepaTypHUM, CUJIIOBUM 1 TAMYACOBUN (PaKTOPHU B 30HI1 pi3aHHI.

3anpomnoHOBaHO TMICAs 3MIIHEHOTO0 NUTIPYBaHHS TPU BUHUKHEHHI TPILIUH
MIPOBOJUTH OCTAaTOYHY OOPOOKY 3a MPOXOJaMH 3 YpaxyBaHHSM TJIUOWHU TPIIIUH, SKI
YTBOPWJIMCS MICIIs KOXXHOTO MPOXOAY; BU3HAUYEHO 3arallbHUN MPHUITYCK Ha 0OpOOKY; aJst
yCyHEHHs Je(deKTiB, 1mo BHUHUKaOTH mmicias EAIl, oTpumaHa 3alieKHICTh, sIKa Jae
MO>KJIMBICTh BU3HAYUTH TPHUBATICTh BUXO/KEHHS B 3aJI€KHOCTI BiJ] po3MipiB nedexra
(rmuOuHM JIyHKH), 10 yTBOproeThes miciust EALLL

Tpertiii po3ain npucBsIYEHUN METOAMII EKCIIEPUMEHTAIBHUX JOCTII)KEHb BIUIUBY
texHonoriil KIA ta EAILl Ha cTpyKTypy 1 BIaCTUBOCTI HOBEPXOHb CTAJIEBUX 3arOTOBOK.
byno mnpuBeaeHo mnapamMeTpu, 3MICT, MOCIHIJIOBHICTh TEXHOJOTIUHMX oOMepalii
KOMIUIEKCHOI'O 10HHOTO a30TYBaHHS Ta PEXUMH €JIEKTPO-€pO31MHOI0 ajIMa3HOro
nunipyBaHHs. HaBeneHO MeETOOUMKHM i BUBYEHHS MIKPO- 1 MaKpPOCTPYKTYpH,
MIKPOTBEPAOCTI, 3aJUIIKOBUX MAaKpPO- U MIKPOHAINPYT, XapaKTEPUCTUK CYOCTPYKTYpH,
¢dazoBoro aHanizy, MOPCTKOCTI, 3HOCY.

Y derBepTOMY PO3/iJIi HaBEJEHO PE3YJIHTATH EKCIEPUMEHTAILHUX JTOCITIIKEHb
¢13uuHKMX mnporeciB, mo BiaOyBaroThes B III meramy npu KIA ta EAILLL. Bupueno
BILJTUB TIOCIIZIOBHOCTI TEXHOJOTTYHUX onepaliiii Texnomorii KIA Ha MiKpocTpyKTypy,
MIKPOTBEPAICTh 1 (pa30BUI CKIIaJl CTaJeBUX 3aroToBOK. BuBueHo BmiMB pexumiB ALl
ta EAIIl Ha mapaMeTpH sIKOCTI MOBEPXHEBOTO 1IAPY CTAJIEBUX 3arOTOBOK.

Y n'aromy po3auili JaHO TpakTUYHI PEKOMEHJAIli IMOJ0 3aCTOCYBaHHS
texHosorii KIA Tta EAIIL. 3anpononoBano Bukopuctanns KIA 3a oxuHapHuM 1
MOABIMHUM  IIUKJIOM  JIJIsT  3a0e3MEeUeHHS  eKCIUTyaTallliHUX  BJIACTHBOCTEH
(3HOCOCTIMKOCT1) BUPOOIB B 3aJI€KHOCTI Bif X po3mipiB. [IpoananizoBaHO TEXHOJIOTIYHI
ocobnmuBocTi EAILIL six koMO1HOBaHOTO 0OPOOHO-3MILIHIOBAIBHOTO MeTOly. Bu3HaueHo

001acTh MPAKTUYHOIO 3aCTOCYBaHHS AeTajneil, 00podienux merogom EAIIL.



[TpusHaueHo cxemy Juisi BUOOPY TEXHOJOTIYHHMX IMapameTpiB 0OpOOHO-3MIIHIOBATBHOT
texHosorii EAIILIL. TlpuBeneno masi, 1o CTOCYIOTHCS €KOHOMIYHOTO OOIPYHTYBaHHS Ta
BUPOOHUYOTO BITPOBAIKCHHS.

BianoBigHo 10 mocTaBiaeHOT METH Ta 3a7a4 y JUCEpTaIiiiHii poOOTI BHUpIlIeHA
BAKJIMBAa HAyKOBO-TIPAKTHUYHA 3ajaya: MIABUIIEHHS 3HOCOCTIMKOCTI JeTajeil MalluH
NUIIXOM OOpOOKM KOMIUTEKCHUM 10HHMM a30TyBaHHsSM (KIA) Ta 3MimHIOBaAIIEHUM
eIEeKTpo-epo3iitnuM anmazauM nutidpyBanHsM (EAIL), mo 3Haimimo BigoOpakeHHS Y
HACTYMTHUX OCHOBHUX HAYKOBHUX pe3yJbTaTax:

1. V pesynbTari aHamizy Cy4aCHUX TEHJEHIIM 3aCTOCYBaHHS 3MILHIOBAIBHUX
TexHoJoTi BcrtaHoBieHo, mo KIA Tta EAIIl Moxyrs OyTH BUKOpPUCTaHI SIK
MEPCIEeKTUBHI 3MIIHIOBAJIbHI METOAW IS MIJBUILECHHS pecypcy JeTajei, 110
MPAIOIOTh B YMOBaX yIapHUX HaBaHTAXEHb 1 3HOCY.

2. Y pe3ynbTaTi MOJICTIOBaHHS UG y31MHOTO Mepepo3Ioaily a30Ty BCTAHOBIICHO,
110 Npu OyAb-SIKOMY Yaci BUTPUMKH Y MPUIIOBEPXHEBUX IIapax TIIMOMHOI0 110 25 % Bij
JOCATHYTOT TOBUIMHM JU(Yy31HHOTO HACHYEHHS CIOCTEPIraeThCs HE MEHII IIBTOpa
KpaTHE TMEpPEeBUINECHHS BMICTY a30Ty B MOpiBHAHHI 3 #oro 3HadueHHsmu B [III. Tlpu
HEBEJIMKOMY 4Yacl BUTPUMKH MiJ rapTyBaHHS MaeMO HeOakaHWil e(eKT, sIKhil MOBUHEH
ypaxoByBaTUCs (DIHIIIHOI MEXaHIYHOI OO0pOOKO. 3a JaHUMHU MOJCIIOBAHHS, IS
mugy3ii a30Ty Ha raubuHy A0 750 MKM MOTpiOHO Maif’ke 4acoBe BUTPUMYBAHHS MPHU
TeMIIepaTypl rapTyBaHHs.

Busnayena ¢yHKIlIOHAIbHA 3a7€KHICTh CHEPIETUYHOTO BIUIUBY (€HEPTreTUYHOTO
koedilieHTy), saxkuii oOymoBiroe BUHUKHEHHS BII mpu  enexkTpo-epos3iiiHOMY
anMa3zHoOMy 1 aOpa3uBHOMY NUTIQYBaHHI 3 ypaxXyBaHHAM TEXHOJOTIYHUX MapaMeTpiB
0OpOoOKH Ta BIIACTUBOCTEN MaTepiany.

3. Texnomnoriunmii mporec KIA 3 MOCHIIOBHICTIO TEXHOJOTIUHMX OIEparlii:
a30TyBaHHsS 3 HAaCTYITHOIO HOpMAaJi3alli€l0 Ta a30TYBaHHSM, HACTYIHOTO rapTyBaHHS 3
HU3BKUM BIJITyCKOM — TOKa3aJii MaiyKe OJHAKOBUY PE3yIbTaT 32 PIBHEM 3MIITHEHHS Ha
JeTansIx Manux aiamerpiB (myaHcoHiB d =2 mm). [Ipu 3011bI1eHH] AlaMeTpy AeTaie 10

4 MM pi3HUIIS PIBHS 3MIITHEHHS MK HOPMAaJII3aIli€l0 1 TApPTYBaHHSM 3 BIJIITYCKOM TICIIS



10HHOTO a30TyBaHHS 3HA4HO 3pocia. HasBHicTe y mikpoctpykTypi I 3arotoBok 3i
ctam 9XC micis KOMIUIEKCHOTO 10HHOTO a30TyBaHHS 31 3aCTOCYBAaHHSAM rapTyBaHHS Ta
BIAMYCKy Y—(}as3u, pa3oM 31 3HAYCHHSIMH TBEPAOCTi, CBITYUTH NP0 TIUOUHHE
a30TyBaHHS 3 JJOCUTh BHCOKOIO KOHIIEHTpAI€I0 a30Ty — A0 1%, 10 € A0CTaTHIM s
BHUCOKHX E€KCIUTyaTalllifHUX BJIACTUBOCTEH IMMyaHCOHIB, a cCaMe: BUCOKY yJIapHY B’SI3KICTh
IPU JOCTaTHHO BUCOKIM TBEPAOCTI.

BcranoBneno, mo Haitoinemmii edext Big 3actocyBaHHs KIA cmocrepiraerbes
JUTSL IeTasel, siKi MpaIoTh B YMOBAX yIapHUX HABAaHTaXEHb (ITyaHCOHIB).

4. Jocmimxeno pexumu nporecy EAILL, mo MokHa BHKOPHCTOBYBAaTH IS
3minHeHHs [IIII. BctaHoBi€HO yMOBHM, KOJIM Ha MOBEPXHI 3arOTOBKU YTBOPIOETHCS
ctpykrypa BII, mo saBise coboto Oe3cTpykTypHHil MapTeHcUT (rapaeHit). EAII
3abe3reuye CTaOUIbHICTh (POPMYBAHHS 3MIIHEHOTO 3HOCOCTIMKOIrO IIapy; MpHU IIbOMY:
tBepaicth III 3arotiBok 31 ctami Y7 3poctae g0 47% 11010 TBEPAOCTI CEPIICBHHHU.
TBepaicTh 1 rmubuna BIII 3anexars Bijg BMICTY BYIJICLIO B CTaJsAX: YAM OLIbIIE BMICT
BYIJICII0, THUM TBEpPJILIE IIapud YTBOPIOIOThCA. BwmicT Byriento, OJAM3bKUIA A0
eBTeinHoro ckiany, (0,65-0,8 %), € ontumansauM 111 EALLI-00po0OKw.

Hoseneno, mo peskum EAIIL Nel (V,, = 35 m/c; Sy, = 1600 am/xe; t = 0,07 mm; Vs
=10 m/xs; z = 0,2-0,5 mm; U = 36 B; | = 80-100 A) 3abe3neuye cTUCKAOY1 3aIUIITIKOBI
Hanpyru miciasg EAIIl 1 #oro MokHa pEKOMEHIYyBaTh SIK OOpOOHO-3MILHIOBAIbHY
TEXHOJIOT110 JJIS 3aTOTIBOK 13 JOCBTEKTOIMHHUX 1 €BTEKTOIMHUX CTajei. /{1 3aroToBoK 13
3a€BTEKTOIIHUX CTajeH, 1Mo MICTATh Ouibine 1% Byriento, peKOMEHIOBAHO PEXKUM
EAII Ne2 (V,, = 35 m/c; Syp = 1300 mm/xs; t = 0,035 mm; V, =20 m/xe; z = 0,2-0,5 mm;
U = 36 B; | = 20-40 A4), mo 3abe3rneuye CTUCKAKOYi HANPYrH i BUCOKHUN PiBEHb
3MILHEHHS.

Omineno po3mipu obnacteit korepeHTHoro poscitoBanHs (OKP) L 1 piBenb
Mikpoaedopmariii €. BcranoBneno, mo EAIIl 3a BciMa IOCHIIKEHUMH PEKUMaMHU
3meHinye po3mipu OKP, B TNOpiBHSHHI 3 BUXIAHUM CTaHOM, IICJsSI TapTyBaHHS 1

HU3BKOTO BIAIMMYCKY, 1 BCTAHOBJICHO, IO CTPYKTypa ctae Oubin aucnepcHoto. EALLL Nel

(Vi = 35 m/c; Sy = 1600 mm/xs; t = 0,07 ymm; V, =10 m/xe; z = 0,2-0,5 mm; U = 36 B; |



= 80-100 A) 3abesmeuye HaiimeHmud po3mip OKP 1 HaiOmbmMiA piBeHb
MiKpoiedopmartii.

Ha mincraBi TOpIBHAHHA CTYNEHS 3MIIHEHHA PI3HUX BUXITHUX CTPYKTYpP
3arotoBok 31 crasner Y7 1 40X nmnsa edpexruBHoro EAIII-3MilIHEHHST pPEKOMEHAYETHCS
3aCTOCOBYBATH HACTYIIHI BUXIJHI CTPYKTYpH: AJI 3aTOTOBOK 3 CEPEAHBbOBYIJIELEBUX 1
BHCOKOBYTJICLIEBUX JOEBTEKTOITHUX CTAlICH — MAPTEHCUT BIJMYCKY, TPOCTUT BIAMYCKY 1
copOIT BiAmycKy. Jljisg 3aroToBOK 31 cTajiei, OJIM3BKUX 10 €BTEKTOIMHMX 3a OYI0BOIO
(Y7, V8, 65I' ta iH.), peKOMEHIYIOTbCSI BUXIIHI CTPYKTYpPH: MapTEHCUT BIIIYCKY,
TPOCTHUT BIJITYCKY, COPOIT BIAMYCKY, CTPYKTYpH MICIs BiANany (HopMasizarii).

5. Ominka 3HOcocTiiikocTi moBepxHi miciass EAILl y mopiBHSHHI 3 amMa3HUM
nunQyBaHHSAM MOKa3aja, 00 BKIIOYEHHS B UK 00poOku EAIIl etany BUXOIKEHHS,
3HAYHO IIOKpallye TOKa3HUKH MmopcTkocTi (Ha 40%), oTke, 1 3HOCOCTIHKOCTI.
Buxo/xeHHsI peKOMEH/I0BaHO MPOBOJUTH 3 ypaxyBaHHSAM riuOuWHU 3MinHeHoro BIII.
[Tpumyck Ha BuxomkeHHsa — 20-30 mxm. OTpuMaHoO 3aleKHOCTI 3HAYCHHS 3HIMaHHSI IPU
BHUXO/[KEHHI B/l TTTMOMHU €pO31MHOT JIYHKH.

6. Ha ocHOB1 oTpuMaHHX pe3yJbTaTiB MPOTIOHOBAHO TEXHOJIOTTYHI PEKOMEH Al
JUTSL IIABUIIEHHS pecypcey JieTanei Ta IHcTpyMeHTiB B TexHoJorli KIA, mo 6a3ytoTecs y
HEOOXITHOCTI BpaxOBYBAaTH PO3MIpH AeTayieid. J[is meraneit 3 po3MipoM MOMEPEYHOTO
nepepizy Ouble Hixk 2 MM pekoMeH10BaHO KIA 3 rapTyBaHHSM 1 HU3BKUM BIIYCKOM
nicis a30TyBaHHs. [l MyaHCOHIB 3 pO3MIPOM MOMEPEYHOro nepepizy OUIbIIe HIXK 5 MM
JUTst 3a0€3MeUeHHs] BUCOKUX €KCIUTyaTal[liHUuX BJIACTUBOCTEN (3HOCOCTIMKOCTI, yAapHOi
B’SI3KOCT1) peKOMeH10BaHO TexHouorio KIA 3a moaBiitHUM LIUKIOM.

HaykoBa HOBH3HA OTPUMaHHX pe3yJabTaTiB [OJIATa€ B MIATBEPKEHHI
MOJKJIMBOCTI CTBOPEHHSI ONTHMAJbHUX TEXHOJIOTTYHUX YMOB 3MII[HEHHS MOBEPXHI
JieTanei Ta IHCTPYMEHTIB Ha eTanax TEXHOJIOTTYHOIO IMpoliecy 0OpoOKH KOMIUIIEKCHUM
10HHMM a30TYBaHHSM 3a paxyHOK TJMOMHHOTO JIETyYBaHHS a30TOM Ta e€JIEKTPO-
€po3iiiHMM aJIMa3HUM [UTIPYBaHHSAM 3a paxyHOK (GOpMYBaHHS O€3CTPYKTYpPHOIO

MapTeHCUTY — rapaeHity. [lpu upbomy snepute:



— qmus noridyBaHHS — OTPUMAaHI  3QJICKHOCTI, SKI BH3HAYAIOTh XapakTep
€HEpPreTUYHOro0 BIUIMBY, IO CIHpuUsie yTBOpeHHIO 3MinHeHoro BIII, 1 BpaxoByroTh
nedopmariiitauii hakTop B 30H1 pi3aHHS;

— 3aIpOIIOHOBAHO PAIIOHANIBHY CTPYKTYpY TexHojorigyHoro mpouecy KIA, mo
3abe3reuye 3MIIMHEHHS JeTaJed Ta 1HCTPYMEHTIB, Kl MPAIlOI0Th B YMOBaX 3HOCY 1
yIapHUX HaBaHTaXEHb, 110 A€ 3MOT'Y 30UIBIINTH pecypc AeTajei;

— BU3HAUEHO BIUIMB BUXIJHOTO CTPYKTYPHOTO CTaHy, KOHIIGHTpAIlii BYTJelio 1
roro posmoxain no raubuni BII mpu 3minHoBaasHOMYy EAIIl Ha MIKpPOTBEpPIICTH,
CTYIIHb 3MILIHEHHS], XapPAKTEPUCTUKHU CYOCTPYKTYPH 1 pO3MIPH OBEPXHEBHUX €PO3IMHUX
nedexTiB, 0 A0 3MOTy KepyBatu npouecom 3minHeHHs [ neraneii;

OmMpUMAas noOaAIbUUL PO36UMOK:

— aHami3 3akoHomipHOcTed (opmyBanHs cTpykrypu I, daxropiB ii
cTabUIBHOCTI 1 BH3Hayarouux BuHHKarouoro micis KIA nedexktHoro mapy, sxuid
YCYBA€THCSI METOIaMHU MEXaHIYHOI 0OPOOKH.

IIpakTH4He 3HAYeHHS1 OTPUMAHUX Pe3yJbTATIB: €KCIEPUMEHTAIILHO BUBUCHO
BILJIMB MOCIAOBHOCTI TexHosoriunux onepariii KIA Ha mopdonorito cTpykTypH 1 piBHI
TBEPJIOCTI CTaJIeBUX BUPOOIB, IO CTAJI0 OCHOBOKO 3aIPOIIOHOBAHOTO TEXHOJOTTYHOTO
MPOoIIeCy 3 BU3HAYEHUMU B JIOCIHIJDKEHHI peXUMaMu 1 mpumnyckamu. OTprUMaHO MaTeHT
Ha KOpUCHY Mojenb «Crnocid XIMIKO-TepMIYHOI OOpoOKH cTanmeBUX BHpPOOIBY» (Ne
117008 VYxkpaina, MIIKC23C 14/32, C21D 1/06). ExcrnepuMeHTalIbHO TOBEICHO
MOJIMBICTh BUKOpHCTaHHS Metony EAILl nns 3abe3nedeHHs BUCOKOI TBEPIOCTI 1
3HococTiikocTi 11 3 onHoYacHUM (pOpMyBaHHSM B A€TANIAX HEOOX1THOI FT€OMETPUYHO1
dbopmu, poO3MIpiB 1 TMOPCTKOCTI. Po3po0ieHO TpakTU4HI pPEeKOMEHAIlli 11070
ontumizauii ctpyktypu B ipouecit EAIL a1 10eBTeKTOITHUX 1 3a€BTEKTOIAHUX CTaJeH.
Po3p0o6sieHO TEXHOJIOTIYHY CXeMy 3MIIIHEHHs JJIsl IPOTHO3yBaHHs XapakrepucTtuk BIII
(TBepOCTi, TAMOWHM) JJIsl CTaJICid, IO BIAPIZHSIIOTHCS BMICTOM BYTJICIIO IUISIXOM
BapiroBaHHs napamerpamu EAILL. PekomenaoBaHno ontumanbHa 00J1aCTh 3aCTOCYBaHHS
METO/Y EJIEKTPO-E€PO3IMHOTO aJIMAa3HOTO 3MIIMHEHHS: I MPEIU3IMHNX JeTaneu, 110

NPAaIOI0Th HA TEPTS MPH BIACYTHOCTI AMHAMIYHUX HAaBaHTAKEHb.
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ANNOTATION

Shevchenko S. M. Technological support of wear resistance of machine parts by
methods of chemical-thermal and diamond-abrasive processing. Manuscript.

Thesis for granting the Degree of Candidate of Technical sciences in speciality
05.02.08 — Manufacturing engineering.

Object of research: technological processes of complex ionic nitriding and
electro-erosion diamond grinding of steel blanks.

Subject of research: the influence of the parameters of technological processes
complex ionic nitriding, diamond grinding and electro-erosion diamond grinding on the
geometric and physicomechanical characteristics of the surface layers of steel blanks.

The aim of the study is to increase the wear resistance of machine parts by
processing by complex ionic nitriding (CIN) and strengthening electro-erosion diamond
grinding (EDG).

To achieve this goal, it is necessary to solve the following tasks:

1. Analyze current trends in the use of strengthening technologies for processing
machine parts and tools to determine the prospects for using CIN and EDG.

2. Simulate the diffusion redistribution of nitrogen in steel parts during isothermal
heating after the operation of ion nitriding within the framework of a complex
technology and determine the dependence of the energy effect on the formation of a
hardened layer for abrasive and electro-erosion diamond grinding.

3. To establish the influence of the sequence of CIN technological operations on
the structure and properties of the surface and near-surface layers of steel billets and to
analyze the possibility of using CIN for machine parts and tools of various purposes.

4. To study the influence of the EDG modes on the quality parameters of the
surface layer of steel workpieces, to reveal the features of the "white layers" structure
formed as a result of grinding and to determine the rational operating parameters of the
strengthening EDG of the surface layer of parts made of steels that differ in chemical
composition.

5. Evaluate the wear resistance of the surface after EDG in comparison with
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diamond grinding (DG) and EDG with the inclusion of the stage of aging.

6. On the basis of the results obtained, give technological recommendations and
outline the ways of their introduction into industrial practice for the application of CIN
and EDG methods to increase the resource of parts and tools.

The introduction substantiates the relevance of the topic, formulates the goal,
objectives, object, subject and methods of research, provides the scientific novelty and
practical significance of the dissertation results, presents data on the approbation of the
work, publications and the personal contribution of the applicant in the course of
research.

The first chapter analyzes and gives a classification of modern finishing and
hardening methods of processing steel parts. It is shown that there is no universal
method of parts hardening capable of enhancing one or another operational property.
The analysis confirmed the position that the specific operating conditions of the parts
induce the use of different strengthening methods and technologies, and made it
possible to formulate the goal and main objectives of the dissertation research.

In the second chapter, the theoretical prerequisites for strengthening
technologies CIN and EDG are formulated.

It is proposed to evaluate the possibility of forming a hardened layer obtained
during the execution of the technological process, taking into account the energy effect
on the workpiece; for this, an analysis of the technological route of processing the
spindle of a gear grinding machine is carried out with the construction of diagrams of
the temperature and force effects taking into account the time factor.

As a result of modeling the process of nitrogen diffusion in alloy steel parts, the
value of the penetration depth of nitrogen into the surface layer was obtained, taking
into account the holding time of the workpiece in the furnace at the hardening
temperature. The formulas of the energy coefficient are obtained, which determines the
appearance of "white layers" (WL) during EDG and abrasive grinding. Taking into
account the energy coefficient, a formula was obtained to determine the depth of the

hardened layer; this dependence considers the temperature, power and time factors in



13

the cutting zone. It is proposed, after hardened grinding, when cracks occur, to carry out
final processing with passes taking into account the depth of cracks formed after each
pass; the total machining allowance has been determined; To eliminate defects arising
after the EDG, a dependence was obtained, which makes it possible to determine the
duration of nursing depending on the size of the defect (the depth of the hole) formed
after the EDG.

The third chapter is devoted to the methodology of experimental studies of the
influence of the CIN and EDG technologies on the structure and properties of the
surfaces of steel blanks. The parameters, content, sequence of technological operations
of the CIN and EDG modes were given. Methods for studying the micro- and
macrostructure, microhardness, residual macro- and microstresses, characteristics of the
substructure, phase analysis, roughness, wear are presented.

The fourth chapter presents the results of experimental studies of the physical
processes occurring in the surface layers of the metal during CIN and EDG. The
influence of the sequence of technological operations of the CIN technology on the
microstructure, microhardness and phase composition of steel billets has been studied.
The influence of the DG and EDG modes on the quality parameters of the surface layer
of steel billets has been studied.

In the fifth chapter, practical recommendations are given on the use of CIN and
EDG technologies. The use of CIN for single and double cycles is proposed to ensure
the operational properties (wear resistance) of products, depending on their dimensions.
The technological features of EDG as a combined finishing and hardening method are
analyzed. The area of practical application of parts processed by the EDG method is
determined. A scheme for the selection of technological parameters of the finishing and
hardening technology EDG has been assigned. Provides data related to the business case
and production application.

According to the set goal and objectives, an important scientific and practical task
was solved in the dissertation work: increasing the wear resistance of machine parts by

processing by complex ion nitriding (CIN) and hardening electro-erosion diamond
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grinding (EDG), which is reflected in the following main scientific results:

1. As a result of the analysis of modern trends in the use of hardening
technologies, it was found that CIN and EDG can be used as promising hardening
methods to increase the resource of parts operating under shock loads and wear.

2. As a result of modeling the diffusion redistribution of nitrogen, it was found
that for any holding time in the near-surface layers with a depth of up to 25% of the
achieved thickness of diffusion saturation, at least one and a half times excess of the
nitrogen content is observed in comparison with its values in the surface layer. With a
short holding time for hardening, we have an undesirable effect that must be taken into
account by finishing machining. According to the simulation data, for the diffusion of
nitrogen to a depth of 750 microns at the hardening temperature, exposure is required
for almost an hour.

The functional dependence of the energy impact (energy coefficient), which
causes the appearance of a white layer during EDG and abrasive grinding, taking into
account the technological processing parameters and material properties, has been
determined.

3. The technological process of CIN with a sequence of technological operations:
nitriding followed by normalization and nitriding followed by quenching and low
tempering — showed almost the same result in terms of the level of hardening on parts of
small diameters (punches d =2 mm).

With an increase in the diameter of the parts to 4 mm, the difference in the level
of hardening between normalization and quenching with tempering after ion nitriding
increased significantly. The presence in the microstructure of the surface layer of blanks
made of 9XC steel after CIN using quenching and tempering of the y-phase, together
with the hardness values, indicates deep nitriding with a high nitrogen concentration —
up to 1%, which ensures high operational properties of punches, namely: high
toughness at a sufficiently high hardness.

It was found that the greatest effect from the use of CIN is observed for parts

operating under shock loads (punches).
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4. The modes of the process of EDG have been investigated, which can be used to
harden the surface layer. The conditions have been established when the structure of a
WL, which is a structureless martensite (gardenite), is formed on the surface of the
workpiece. EDG ensures the stability of the formation of a hardened wear-resistant
layer; at the same time: the hardness of the surface layer of workpieces made of V7 steel
increases to 47% in comparison with the hardness of the core. The hardness and depth
of the WL depends on the carbon content in steels: the higher the carbon content, the
harder the layers are formed. The carbon content close to the eutectoid composition
(0.65-0.8%) is optimal for EDG treatment.

It is proved that the EDG mode Ne 1 (Vg wn. = 35 m/s; S;x. = 1600 mm/min; t =
0.07 mm; V,, = 10 m/min; z = 0.2-0.5 mm; U = 36 V; | = 80-100 A) provides compressive
residual stresses after EDG and it can be recommended as a finishing and hardening
technology for workpieces made of hypoeutectoid and eutectoid steels. For workpieces
made of hypereutectoid steels containing more than 1% carbon, the EDG mode Ne 2 is
recommended (Vgr.wh = 35 m/s; Sjx. = 1300 mm/min; t = 0.035 mm; V,, = 20 m/min; z =
0.2-0.5 mm; U =36 V; | = 20-40 A), which provides compressive stresses and a high
level of hardening.

The sizes of the coherent scattering regions (CSR) L and the level of microstrain ¢
are estimated. It was found that the EDG in all studied modes reduces the size of the
CSR, in comparison with the initial state, after quenching and low tempering, and it was
found that a more dispersed structure is formed. EDG mode Ne 1 (Vg wn. = 35 m/s; St =
1600 mm/min; t = 0.07 mm; V,, = 10 m/min; z = 0.2-0.5 mm; U = 36 V; | = 80-100 A)
provides the smallest CSR size and the greatest level of microstrain.

Based on a comparison of the degree of hardening of various initial structures of
billets made of V7 and 40X steels, it is recommended to use the following initial
structures for effective EDG-hardening: for billets from medium-carbon and high-
carbon hypoeutectoid steels: tempering martensite, tempering trostite and tempering
sorbitol. For blanks made of steels close in structure to eutectoid (Y7, V8, 651, etc.), the

initial structures are recommended: tempering martensite, tempering reeds, tempering
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sorbite, structures after annealing (normalization).

5. Evaluation of the wear resistance of the surface after the EDG in comparison
with diamond grinding showed that the inclusion of the aging stage in the EDG
processing cycle significantly improves the roughness (by 40%), and hence the wear
resistance. Nursing is recommended to be carried out taking into account the depth of
the hardened white layer. The allowance for nursing is 20-30 microns. The dependences
of the removal value during nursing on the depth of the erosion hole were obtained.

6. On the basis of the results obtained, technological recommendations are
proposed for increasing the resource of parts and tools in the technology of CIN, based
on the need to take into account the dimensions of the parts. For parts with a cross-
sectional size of more than 2 mm, CIN with hardening and low tempering after nitriding
iIs recommended. For punches with a cross-sectional size of more than 5 mm, to ensure
high performance properties (wear resistance, impact toughness), a double-cycle CIN
technology is recommended.

The scientific novelty of the results obtained consists in confirming the
possibility of creating optimal technological conditions for hardening the surface of
parts and tools at the stages of the technological process of processing by CIN due to
deep alloying with nitrogen and EDG due to the formation of structureless martensite —
gardenite. In this case, for the first time:

— for grinding, dependencies were obtained that determine the nature of the
energy impact that promotes the formation of a hardened WL, and which take into
account the deformation factor in the cutting zone;

— a rational structure of the technological process of CIN has been proposed,
which ensures the strengthening of parts and tools operating under wear and shock
loads, which makes it possible to increase the resource of parts;

— the influence of the initial structural state, carbon concentration and its
distribution over the depth of the white layer with the strengthening EDG on the
microhardness, the degree of hardening, the characteristics of the substructure and the

size of surface erosion defects was determined, which made it possible to control the
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hardening process of the surface layer of parts;

was further developed:

— analysis of the regularities of the formation of the structure of surface layers,
the factors of its stability and determining the appearance of a defect layer after CIN,
which is eliminated by the methods of mechanical treatment.

The practical significance of the results obtained: the influence of the sequence
of technological operations of CIN on the morphology of the structure and the level of
hardness of steel products was experimentally studied, which became the basis of the
proposed technological process with the modes and allowances defined in the study. A
patent for a useful model “Method for chemical-thermal treatment of steel products”
was received (No. 117008 Ukraine, MPKS23S 14/32, C21D 1/06). The possibility of
using the EDG method to ensure high hardness and wear resistance of the surface layer
with the simultaneous formation of the required geometric shape, dimensions and
roughness in the details has been experimentally proved. Practical recommendations
have been developed for optimizing the structure in the EDG process for hypoeutectoid
and hypereutectoid steels. A technological hardening scheme has been developed to
predict the characteristics of the WL (hardness, depth) for steels differing in carbon
content by varying the EDG parameters. Recommended optimal area of application of
the method of electro-erosion diamond hardening: for precision parts operating in
friction in the absence of dynamic loads.

Key words: technology of complex ion nitriding, technology of electro-erosion
diamond grinding, surface quality parameters, accuracy parameters, allowance,

structure, roughness, hardening, wear resistance.
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