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HEREDITARY MODIFICATION OF SECONDARY ALUMINUM ALLOYS

The low cost of aluminum casting alloys causes high interest in the search for new methods of
processing. The use of well-known methods of controlling the structure and properties of aluminum
alloy castings does not always provide the required quality of parts made from secondary raw
materials due to the negative impact of the charge and iron impurities. The purpose of the research
is to improve the mechanical properties of secondary aluminum casting alloys and develop a new
resource-saving technology for their recycling. The material for this study was the AK7ch alloy and
its analogue A356.2. Part of the charge was processed into a fine-crystalline remelt by pouring liquid
metal with a temperature of 720 °C into water at a temperature of 20 °C. Experimental melting with
different composition of the initial charge, different treatment with a modifying complex and different
iron concentration was carried out in an electric resistance furnace. The study of the structure and
control of mechanical properties was carried out on samples after heat treatment in the T6 mode.
The conducted studies have shown that the complex application of modifying treatment and fine-
crystalline remelting (MK-1 up to 0.1% and MKP up to 45% in the composition) can significantly
increase the mechanical properties of secondary aluminum alloys AK7ch and A356.2 (ov > 300 MPa,
0 > 5% and HRB > 50). The dependences of the tensile strength, relative elongation and hardness
on the amount of modifying complex and fine-crystalline remelting in the initial charge were
obtained. The obtained results allow the application of complex technology for processing secondary
raw materials to obtain high-quality castings in industrial conditions. The use of charge materials
with a favorable hereditary structure allows reducing the amount of modifying additives used, which
in turn significantly reduces gas emissions and improves the environmental situation in the foundry.

Keywords: aluminum; intermetallic phases; structure; heredity; recycling; modifying
treatment.
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MNEPCIHEKTUBHI METOAM MIJABUIIEHHA KOHTAKTHOI BUTPUBAJIOCTI CTAJII
EI-347111

Banvuuyi mawun Ho6020 noKoninHA cmaromu 6ce OiNbUWL CKIAOHUMU BUPOOAMU, 00 AKUX
npeo 'a61A10MbCsl BUCOKI 8UMOU OO0 3abe3neyeHts KOHMAaKmHOI 8Umpueanocmi, y momy Yucii npu
nioguwenii memnepamypi. [nsa nioguujenHs KOHMAKMHOI SUMPUBATIOCMI  3ACMOCO8YIOMb
nogepxnege naacmuyne oeghopmysanns (I1I1]]). Oonum 3 nepcnekmusenux nanpsamxie IIII]] ¢
3MiyHeHHa MiKpokyavkamu. binewicme pobim e épaxogye eniug memnepamypu Ha KOHMAKMHY
sumpusanicmos demaneu nicas I, Memow pobomu € nioguwjenHs KOHMAKMHOI UMPUBAIOCTI
cmani EI-3471l 3a paxynox payionanizayii pexcumieé 3MiyHeHHs MIKPOKYIbKAMU MA CKIAHUMU
Kynvkamu. Bunpobysaunss na xoumaxkmuy emomy npogoounucs Ha ycmanoskax MKB-T npu
memnepamypax 20 °C i 300 °C. Bci 3pazku nepeo 3miyneHHAM niododasanucs noipysantio. /s ybo2o
0y10 cneyianbHo po3podaeHo NPUCOCYB8AHHS, sIKe 3a0e3neyy8ano NOCMIUHUL MUCK HA 3PpA30K npu
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noaipyeanti. BusHaueHHs 3anUUKOBUX HANPYHCEHb NPOBOOUTU MemOOOM C8ePOHHA 2lIYX020
omeopy Ha 3paskax ceiokax. [nA 6u3HaueHHs 6NAU8Y MUCKY pPoO0HOi PIOUHU HA KOHMAKMHY
BUMPUBATICMb OVIU NPOBEOCHI BUNPOOYBAHHSA YOMUPLOX NAPMIll 3PA3KI6. 8 NOYAMKOBOMY CMAHI i
3MiYyHeHUX Ha npomssi 3-x xeunun npu mucky pooouoi piounu 0,16; 0,2; 0,25 Mlla ionogiono.
Poszenanymi  pesicumu 3miynenHs npuzeo0sams 00 30LIbUWEHHS WOPCMKOCMI 8 NOPIGHAHHI 3
NONIPYBAHHAM NPUONUZHO HA 00UH Keanimem. Halimenwa 3mina wiopcmxocmi cnocmepieaemscs npu
mucky pobouoi piounu 0,2 MIla. I'nubuna 3miyHeH020 wWapy HA 8CIX PENCUMAX 3HAXOOUMBCI 8
mexcax 0,08 ... 0,1 mm. IIpu mucky pobouoi piounu 0,16 Mlla cnocmepicanocsi 3HUNCEHHS
MIKpOmeepoocmi, sike nog'si3ane 3 HeCMIUKICIMIO Npoyecy i HepiBHOMIPHICIIO 3MiyHeHHs. Busnaueni
cpeoneno2apipmiuna 008208iUHICMb MA 2APAHMOBAHA 006206IYHICMb, NOOYO08AHI NPAMI, WO
anpoxcumyroms QyuKyii po3noodiny noeapughmie xirbkocmi yukiie. Becmanosneno, wo natibinbwa
006208iUHICMb 3PA3KI6 MAE Micye NPU 3MIYHEHHT CKIAHUMU KYIbKamu npu mucky pooouoi piounu 0,3
Mlla, wo 0bymosneno cnpusmiueum NOEOHAHHAM BENUYUHU 3ATULUKOBUX HANPYIHCEHb, HAKIENn)y,
MIKpomeepoocmi, fAKi OMPUMAHi Npu MIHIMATbHOMY 30i1bUeHH] wopcmKkocmi. Bcmawnosneno
3aKOHOMIPDHOCMI 8NAUBY PENCUMIE 3MIYHEHHA MIKPOKYIbKAMU MaA CKIAHUMU KYIbKAMU HA
KoHmakmuy eumpueanicms cmani EI-347111. 3acmocosani 6inbu cyyacui memoouku sunpody8aHs.
Buznaueno napamempu smiynennsn 3paskie 3i cmani EI-34711] mikpokyibkamu ma CKIAHUMU
KyIbKamu, AKi 3a6e3neyyoms niosuyeHHs 0068208iYHOCMI NpU KOHMAKMHOMY HaganmadicenHi. Lle
0o36onums  payionanvHo npusnavamu pesxcumu I/ npu npoexmyeanni eanvHuys 01
NepCneKmuBHUX 2a30MypOiHHUX 08UCYHIB. YOOCKOHANEHO MemOoOUuKy 8UnpoOysams, ujo 003801UNL0
nioguwumu 00CMOGIPHICMb OMPUMAHUX PE3VIbIMAMIE.

Kniouosi cnoea: eanvnuyi, KOHMAKMHA  GUMPUBANICMb,  3ANUUKOBL  HANPYIICEHHS,
006206IYHICMb, 3MIYHEHHS MIKPOKYIbKAMU, CKIAHI KVIbKU.

IMocranoBka npo6jaemu. BanbHuIll MalIMH HOBOTO TOKOJIIHHS CTAlOTh OUIBIN CKJIAJHUMH
BUPOOAaMH, 10 SKUX BHCYBAalOTh BHCOKI BUMOTH I0JI0 3a0€3Me4YeHHs KOHTAKTHOi BUTPHBAJIOCTI,
30KpemMa mpu poOOTI B yMoOBax HiABHUIIEHOI TemnepaTypu. CydacHi TeHJEHLII CIpsIMOBaHI Ha
CTBOPEHHS BaJIbHUIIb IHTETPOBAHMX Yy KOHCTPYKIIIIO IBUTYHA, TIOPUIHUX OMOP, OCBOEHHS HOBHUX
TEIUIOCTIMKUX CTallel, yIOCKOHaJIEHHs1 TexHoJjorii ¢iHimHoi o6pobku [1-4]. OnHak po3polieHi
MeToAn (iHIMHOI 0OpOOKM HE 3aBXKIU Jar0Th 3MOTY JOCATTH OakaHoi e(eKTHBHOCTI Ta
MIPOJYKTHUBHOCTI.

AHaJi3 ocTaHHiX gociailzkeHb i myOsikamiii. J[ns miABUINEHHS KOHTaKTHOI BHUTPUBAJIOCTI
JieTanell BaJIbHUIb YaCTO 3aCTOCOBYEThCS MOBepXHeBe miuactuune nedopmysanns (II11) [5], [10],
[12], [13]. A1t TOHKOCTIHHUX BaJIbHUIIEBUX KiJ€llb, XOPOII pe3yibTaTu 3a0e3euye yiabTpa3ByKOBe
3mittHeHHs [9]. OqauM 13 nepenekTuBHUX HanpsaMKiB [T/ € 3mittnenns mikpokynaskami [2], [7], [8].
BoaHouac OibIicTh poOIT 3 KOHTAKTHOI BUTPUBAJIOCTI BAIBHUIEBUX CTaJlel HE BPaxoBYE BILIUB
TeMIIepaTypu Ha TOBroBivHICTh aetanei mics [T [6], [11], [13].

Merta nocaigxeHHst. MeToro poOOTH € MiABUIIEHHS KOHTaKTHOT BuTpuBanocti ctaii EI-347111
3a paxyHOK BHOOpY pallOHaJIbHMX HapaMeTpiB  TiIpOApPOOOCTPYMEHEBOTO  3MILHEHHS
MiKpPOKYJIbKaMH.

OcHoBHUiT MaTepian gocaimkenns. BunpoOyBanusaMm mianaBamucs 3pasku 31 crani EI-347111
(8X4B9®2-111) Burorosneni 3a TY 14-1-2244-2005, XiMiuHHIA CKJIaJT IKOT1 HaBEJICHO B TaOmHII 1.

Taomuus 1 — Ximiuanii ckiaz crami EI-347111
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TepmooOpoOKy 3pa3kiB MPOBOAMIM 33 CTAHJAPTHOIO TEXHOJIOTIEI Ul CTalei LbOro Kiacy:
3arapTyBaHHS 3 OXOJIO/KEHHSIM B MacTwio npH 20 °C 1 Tpupa3oBe BiJIyCKaHHS MPH TEMIIEparypi
560 °C. [ns nmocmiypkeHb BimiOpaHo 3pa3ku 3 TBepaicTiO micis TtepmMooopooku HRC 63...64.
Teepaicte koHTpomoBanmu 3a gonomororo TK-2. Vci 3pa3ku mepen 3MIITHEHHSAM IiJ1aBaIHCs
nosipyBanHip. s 1poro Oyno cHemialbHO PO3pOOJIECHO NPUCTOCYBaHHs, sIKe 3a0e3medyBayio
IOCTIMHMM TUCK Ha 3pa3oK MiJ 4ac mnoiipyBaHHsA. [loBepxHeBe IutacTHuHEe JaedOpMYBaHHS
3MIACHIOBAJIOCST  CIIOCOOOM  TipoApOOOCTPYMEHEBOTO 3MIIHEHHS CTAJICBUMH 1 CKIISTHUMU
MikpokyJbkamu giamerpom 50...150 mxm. Yac rigpocTpymMeHeBOi 0OpoOKHM BapiloBaBCs Bif
1,5...9 xB.

VY 3B's13Ky 3 HEOOXIIHICTIO MTPOBEACHHS BUMPOoOyBaHb 3a TemiepaTypu 300 °C 3marryBaHHS
3pa3KiB MPOBOAWIK CHHTeTHUYHUM MacTiiiom BT-301 (TY 38.101657-85).

BurnpoOyBaHHs Ha KOHTaKTHY BTOMY NpoBoaAuiH Ha ycraHoBkax MKB-T 3a remnepatyp 20 °C
i 300°C. Cxema BunpoOyBaHHS IOJISiTa€ B OOKaTIi BHIIPOOYBAHOTO 3pa3ka MK JBOMaA
LWITIHAPUYHUME BULIPOOYBaJIbHUMH AuCKaMu. Taka cxema BUNpoOyBaHb /sl BAIbHULIEBUX CTasel
3acrocoByeThes Pratt & Whitney [5].

3acrapina cuctema kepyBaHHS gocminHux creHaiB MKB-T, mo mictuna B co0i JiaMrnoBuit
MiACUIIIOBAY CUTHAJY 3 JIOCUTh HU3bKOIO Yy TJIMBICTIO, OyJia 3aMiHEHa Ha HOBUH €JIEKTPOHHHUN OJIOK
KepyBaHH:, 100y10BaHUI Ha OCHOBI Cy4acHOT'0 MiKpOKOHTpoJiepa Atmega 2560.

3acTocyBaHHS MIKPOKOHTPOJIEPY MAO3BOJIJIIO HaM 3HAYHO 3MEHIIMTH pO3Mipu OJIOKY
KepyBaHHS, IIPU LIbOMY CIIPOCTUTU BUKOPUCTAHHS ICHYIOUMX (DYHKLIHM Ta JOAATH HOBI, a caMe:

- aBTOMATHU3YyBaTH MEXaHI3MU HABAaHTAXCHHS Ta PO3BAHTAXCHHS 3a JOTIOMOTOI0 KPOKOBOTO
JIBUTYHA;

- BeCcTH XypHa ((aiin), B sskoMy QiKCYIOThCS TOAIT Ta pe3yIbTaTH J0CiKeHHs (1HpopMaltis
OTpUMaHa BiJl JaTUMKIB) B XpOHOJIOT1YHIH MOCTIIOBHOCTI;

- 3a0€3MeUnTH IJIaBHUM MYCK €JIeKTPOJBUIYHA, Yepe3 YacTOTHUN NEepeTBOPIOBaY, SKHUIl
KEPYETHCS TUM CAMUM MIKPOKOHTPOJIEPOM;

- OUIBII TOYHUN KOHTPOJH TEMIIEPATypH 3pa3ka 3a JIOMOMOTOK XPOMENb-ATIOMENIEBOT
TEpPMOIapH.

MiKpOKOHTpOJIep MOK€ BUMKHYTH MAalllMHY NP PYWHYBaHHI 3pa3Ka Ta JI03BOJISIE TIPOBOIUTH
JOCIIIJIPKEHHS 32 3MIHHOIO IIMKJIOTPAMOIO HaBaHTAXEHHs, a00 3MIHHOIO YaCTOTOI0 00epTaHHs 3pa3Ka.

Pexxum BumpoOyBaHb: MakcUMalibHI KOHTakTHI Hampyru - 4000 MIla, gacrota obGepraHHs
3paska - 29000 xB™. Jlns 3amo6GiraHHs MOMKJIMBOTO MPOKOB3YBaHHsS OyJO BCTAHOBIEHO CHUCTEMY
KOHTPOJIIO YaCTOTH 00epTaHHs BEIy4Or0 1 BEICHOT0 HATUCKHUX JIUCKIB JJA3€PHUMHU TaXOMETPAMHU.

Bu3HaueHHs 3aIMIIKOBUX HANpy>KeHb MPOBOIMIN METOJIOM CBEpPJIIHHS IIIyXOro OTBOpPY [6]
Ha 3pa3kax cBigkax Ha 6a3i cucremu MTS3000-Restan [10]. Bucoka yactora o6epTaHHs aiMa3HOTO
ceepana (300000 xB™) mae 3MOry 3HEXTYBaTH BIUIMBOM CBEPIJIiHHSA Ha BEIMUMHY 3aIMIIKOBUX
HanpyXeHb. bepydn 10 yBaru TBepIicTh MaTepiaiy, OyJd BUKOPUCTaH1 3BOPOTHO KOHYCHI ajaMa3Hi
cBepsia. BigcyTHicTh 3HaUHOT 3MiHM TeOMeTpii IHCTPYMEHTY MPOKOHTPOJIBOBAHY ITiJl MIKPOCKOIIOM
TiCIIsE TPOBEICHHS BUMIPIOBAHb T1ATBEPANB IPABUIBHICTH BUOOPY 1HCTPYMEHTY.

Jlnist BU3HAUEHHS! BIUTMBY THUCKY po0OO0YOi PiIMHU HA KOHTAaKTHY BUTPUBAIICTH OYJI0 POBEIEHO
BUINIPOOYBaHHS MapTid Mo 15 3pa3kiB: y BUXITHOMY CTaHi Ta 3MIIIHEHUX HPOTATOM 3-X XBWJIMH 32
TUCKY poboyoi pigunu 0,16; 0,2; 0,25 MIla npu temneparypi 20 °C ta 300 °C BiAMOBIIHO.

PosrnsiHyTi peXuMM 3MILHEHHS NPU3BOJATH 1O 30UIbIIEHHS MIOPCTKOCTI MOPIBHSIHO 3
NOJIipYBaHHSIM NPUOJIM3HO Ha OAMH KBamiTeT. HaliMeHIa 3MiHa IIOPCTKOCTI CIIOCTEPIraeThes 3a
TUCKY poboyoi piaunu 0,2 MITa.

['muOuny Hakenmy BU3HAYa M 32 PO3IOAITIOM MIKPOTBEPIOCTI MOMEPEYHOro Mepepizy 3paska.
['muOuHa 3MimHEHOTO Tapy 3a BCiX pekuMiB 00poOku mepedyBae B mexkax 0,08...0,1 mm. 3a TuCKy
pobouoi pinuau 0,16 MIla cmocrepiranocss 3HIKEHHS MIKPOTBEPAOCTI, IO TOB'SI3aHO 3
HECTallIbHICTIO MPOIECY 1 HEPIBHOMIPHICTIO 3MIITHEHHS.

Po3nomin 3anuIIKOBUX HamNpyKeHb 3a TIHMOMHOI0 3pa3ka IOKa3zye IMEepeBaru pexuMiB
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3MIITHEHHS MpU TUCKY pobouoi piauam 0,2 1 0,25 MIla (puc. 1). Xapakrep po3noaiy BiAmOBiIae

nanuM, otpuManum i I/ mikpokynekamu [1], [8].
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Pucynok 1 — Po3noain 3aMuIIkoBUX HAMPY>KEHb Miclisg 00pOOKH MiKPOKYJIbKaMH:
1-p=0,16 MIla; 2 — p=0,2 MIIa; 3 — p=0,25 MIIa

Ormsim 1 KOHTPOJNB 3pa3KiB A0 1 micias BUIpPOOYBaHb CBIMYMB, IO 3HOC iXHIX POOOYHMX
MOBEPXOHb BHACIIOK CTHUpPaHHS OyB MPAKTHUYHO BiACYyTHi. OCHOBHOIO MPUUYMHOIO BUXOAY 3 Jady
3paskiB sk mpu temneparypi 20°C, tak i temmneparypi 300°C Oyna kinacMyHa KOHTaKTHa BTOMaA
MOBEPXHEBUX LIAPIB, IO CYNPOBOKYETHCS MOSABOIO MITTIHTY.

VY pesynbTaTi CTaTUCTUYHOTO OIPALIOBaHHS OyJIO BHU3HAUEHO: CEPEIHBOIOrapUPMIUHY
JOBroBiYHICTh Nso, 1110 BifnoBinae 50% MMOBIpHOCTI pyHHYBaHHS; TrapaHTOBaHY JOBrOBIYHICTH Nig,
1o Bignosigae 10% WMOBIpHOCTI pyHHYBaHHS 3pa3KiB, a TAKOXK CEPEAHBOKBAIPATHIHE BIIXUICHHS.
3a o0YHCIEHUMHU 3HAUEHHSMHU MOOYIOBAaHO MpsAMi ampokcumalii QyHKIIT po3noaiTy Jorapudmi
yucen nukiiB (puc. 2, 3).

BcranoBneHo, 3HauHe 301IbIIEHHS! JOBTOBIYHOCTI JOCIIIKYBAaHUX 3pa3KiB CIIOCTEPIraeThes
npu 301IbIIEHH] Yacy 00poOku 3 1,5 10 3 XBWIMH, IO MOSCHIOETHCS 30UIBIICHHIM 3aJIMIIKOBUX
Hamnpy>keHb CTHCHEHHS Ha IMOBEpPXHI 3pa3ka Ta 3MEHIIEHHSIM MIOPCTKOCTI moBepxHi. Ilpu
M0/1aJIbIIOMY 301IbIIEHHS Yacy 6 XBWINH, 301JIbLIEHHS JOBITOBIYHOCTI HE CYTTEBE, a IPH 301IbIIECHHI
qyacy oOpoOKM 10 9 XBWJIMH JIOBIOBIYHICTH 3pa3KiB B3arajli 3MEHIIMJIACS Yy 3B’A3KYy 3 3HHKEHHSIM
LIOPCTKOCTI ITOBEPXH1 BHACIIIJIOK IHTEHCUBHOTO HAKJIEITyBaHHS.

3a pesynbTaTaMu JOCHI)KEHb BCTAaHOBIIEHO, IO HaWOULIbIIA JOBrOBIUHICTH 3pa3KiB
JOCATAETbCSL TPU 3MIIHEHHI 3a JIOMOMOToI0 THUCKY poOouoi pimuHu 0,2 MIla, mo 3ymoBieHO
CIPUSATIMBUM TOEAHAHHAM BEIMYMHM 3JIMIIKOBUX HANpy>KeHb, HAKIEMy Ta MIKpOTBEPIOCTI, fKi

OTPUMAHO 3a MIHIMAJIbHOT'O 301JIBIIIEHHS IOPCTKOCTI.
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Pucynoxk 2 — I'padixku pyHKITIH po3noaiy TOBroBiYHOCTI 3pa3kiB 3a Temriepatypu 20 °C:
1 — mouatkoBwii cran; 2 — p=0,16 MIla; 3 — p=0,2 MIla; 4 — p=0,25 MIla
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Pucynok 3 — I'padiku GpyHKIIH po3noairy JOBroBigHOCTI 3pa3KiB 3a Temmepatypu 300°C:
1 — nouatkoBwii cran; 2 — p=0,2 MIla; 3 — p=0,25 MIla

3HIKEHHS JIOBIOBIYHOCTI 3pa3KiB, 3a pe3yJibTaTaMd KOHTAaKTHHX BHIPOOYyBaHb MpHU
nigBuiieHii remmeparypi 1o 300 °C, Ha Hally AYMKY OB’ si3aHE 13 MPOSIBOM ITOBEPXHEBO-aKTUBHUX
BiractuBocteil Mactmina BT-301. BinOyBaerhcsi 30iibIIEHHS 30AaTHOCTI MacThiIa NPOHHKATH Y
MIKpPOMOILIKOIKEHHS MOBEPXHI1 3pa3Ka, KUTbKICTh SIKUX 30UIbIIYEThCS 13 301IBLICHHSIM Yacy 0OpOOKH.
Ile mpumymieHHS JOAATKOBO MiATBEPIKYETHCS XapaKTEPHUM BHIJISAIOM BTOMHOTO PYWHYBaHHS
3paskiB BurpoOyBanux npu temmeparypi 300 °C — maiike OJHOYACHOTO YTBOPEHHS Ha JOPIXKII
KOHTAaKTy KUIbKOX BTOMHMX HITTIHTIB.

BrnuB THCKy po604oi piJMHM HAa KOHTAKTHY BUTPHBAIICTH CTall MPH 3MII[HEHHI CKISTHUMU
IapuKaMy MPOBOJWIM JJIsl TPbOX MapTid 3pa3kiB 110 OyJi0 3MIIIHEHI 332 HACTYIHUMHU PEKUMaMHU:
p=0,18 MIla; p=0,25 MIla; p=0,3 MIla; npu temneparypi 20 °C Ta 300 °C. O6pobka 3pa3kiB
MIPOXO/IMJIa BIAIOBIIHO aHAIOTTYHUM TomepeIHIM napTisiM. KOHTpoJIb )KOpCTKOCTI MOBEPXHI 3pa3KiB
MpOBEACHUH micis X 3MILIHEHHS MpU PI3HUX TUCKaX poOOYOi piAMHU IMOKa3aB, IO HalMeHIIy
HIOPCTKICTh MaroTh 3paszku npu p=0,3 Mlla; a naitbunemy npu p=0,18 MIla - me € criacTBoM
HE/IOCTaTHhO CTaOUIbHOI pPOOOTH COIJIOBOTO amapaTry yCTaHOBKM B Mpoleci 3MIIHEHHS Mpu
HEBHUCOKUX TUCKAaX po0O0dYOi piIMHU. AHANI3YIOUM pe3ynbTaTd BUIPOOYyBaHb (puc. 2-5) MOXHA
3pOOUTH BUCHOBOK, 1[0 PEXKUM 3MIIIHEHHS CTall CKISHUMHU KyJbKaMHU MPO THCKY poOodYoi piaAvHU
p=0,3 MIla € Haii0iIbII paIliOHATHHOIO 3 TOUYKH 30PY ITiIBUIICHHS KOHTAKTHOI BUTPUBAJIOCTI.
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Pucynok 4 — I'padixu QyHKIIH po3nOaLTY JOBrOBIYHOCTI 3pa3KiB 0OpOOIECHUX CKISTHUMU
KyJbkamu 3a temmepatypu 20°C: 1 — p=0,18 MlIa; 2 — p=0,25 MlIla; 3 — p=0,3 MIIa
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Pucynok 5 — I'padiku GyHKIIH po3moIiTy JOBrOBIYHOCTI 3pa3KiB 00pOOICHUX CKISTHUMU
Kynbkamu 3a Temnepatypu 300°C: 1 —p = 0,18 MlIla; 2 — p = 0,3 MIla

BcraHOBI€HO 3aKOHOMIPHOCTI BIUIMBY PEXHMIB 3MIIHEHHS MIKPOKYJIbKAaMH Ta CKJISTHUMHU
KyJIbKaM{ Ha KOHTakTHY BUTpuBaiicTh ctam EI-347111. 3acrocoBaHo OUIBII CydacHI METOIUKH
BUNIPOOYBaHb.

BusnavyeHo pamioHanbpHI mapaMeTpu 3MiHeHHs 3pa3kiB 31 ctani EI-347111 mikpokyibpkaMu Ta
CKIISIHUMHU  KyJbKaMM, sIKi 3a0e3ledyloTh IMIJBUILEHHS JOBIOBIYHOCTI MpPH KOHTAKTHOMY
HaBaHTaXeHHI. Lle macTh 3MOry migBUIIMTH HAIIHICT BaJIbHUIG I HMIMPOKOI HOMEHKJIATYypHU
MaIllMH CIEHiaJIbHOTO MAaIlMHOOYTyBaHHS. Y JOCKOHAJIEHO METOJMKY Ta OHOBJIEHO MaTepialbHO-
TeXHIYHY 0a3y Jsaboparopii KOHTAKTHOI MIIHOCTI, IO Jaj0 3MOTY MIABUIIUTH TOCTOBIPHICTH
OTpPUMaHUX Pe3yJbTaTiB.

BUCHOBKHA

1. Iloka3aHo, 0 3MII[HEHHS MIKPOKYJIbKaMU Ta CKISIHUMHU KyJbKaMHU € MEpPCIEKTHUBHUM
HarnpsimkoM [T myist neraneit BanbaUI 31 cTam EI-347111, sike 3a0e3neuye migBUIIEHHS KOHTAKTHOT
noBroeiyHocTi sk npu 20 °C, Tak 1 mpu 300 °C Ta 103BOJIsI€ MIABUIIUTH KOHTAaKTHY BUTPUBAJICTD Y
1,5...2 pa3mu.

2. BuzHadeHo napamMeTpu 3MiliHeHHs 3pa3KiB 31 ctaii EI-347111 MikpoKyIbKaMH, Ta CKISTHUMU
KyJbKaMH, L0 3a0e3NedyloTh MIJBUIICHHS JOBIFOBIYHOCTI IMPU KOHTAKTHOMY HaBaHTa)KECHHI.
BceranoBneHo, mo HaiiOingbla JOBrOBIYHICTH 3pa3KiB JOCATAETHCS MPU 3MIIHEHHI CKISTHUMU
KyJbKaMu Ipu TUCKY poOouoi pigunu 0,3 MITa.

3. OTpuMaHO 3aKOHOMIPHOCTI PO3MOALTY 3JIMIIKOBUX HANpy>KEHb 3a TNTMOMHOIO 3pa3KiB 31
ctrani EI-347111 3a pi3HUX peKUMIB 3MIITHEHHS] MIKPOKYJIbKaMH Ta CKJISHUMHU KyJIbKaMH.

VY mojmanpmux poOoTax HEOOXIAHO MOCHITUTH BIUIMB HAa KOHTAKTHY BUTPHUBAJICTh 1HIIUX
METO/IB 3MIIIHEHHS TIOBEPXHEBOTO MIApy JETaJeH, M0 MPAIfOI0Th B YMOBaX BUCOKHX KOHTAKTHHX
Hanpy>KeHb.
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ADVANCED METHODS FOR IMPROVING CONTACT RESISTANCE FOR STEEL EI-
347SH

The new generation bearings of machines are becoming increasingly complex products, which
meet high requirements for the contact fatigue, including one at elevated temperature. The surface
plastic deformation (SPD) is used to increase the contact fatigue. One promising direction of SPD is
micro-ball strengthening. The majority of works does not take into account the influence of
temperature onto the contact fatigue of parts after SPD. The aim of the study is to increase the contact
endurance of steel EI-347SH through the rationalization of modes of micro-ball and glass bead
trengthening. Contact fatigue tests were carried out with the setup MKV-T at temperatures of 20 °C
and 300 °C. All the samples were polished before strengthening. For this purpose a special device,
which ensures a constant pressure on the sample during polishing was designed. The determination
of residual stresses was performed on surveillance samples by the blind hole drilling method. To
determine the influence of fluid pressure on the contact endurance a group of tests was carried out
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on four batches of samples: the samples in the original state, the samples strengthened within 3
minutes at the working fluid pressure of 0.16 MPa and the same but with pressure of 0.2; 0.25 MPa
respectively. Selected strengthening modes lead to an increasing of surface roughness for about one
quality class if to compare to after-polishing state. The lowest change in surface roughness was
observed with the working fluid pressure of 0.2 MPa. For all modes, the depth of the strengthened
layer is in the range of 0.08 ... 0.1 mm. The decrease in microhardness, which is related to instability
and unevenness of the strengthening process, was observed at the working fluid pressure of 0.16
MPa. The mean log durability and the guaranteed durability was determined; straight lines
approximating the distribution functions of logarithms of numbers of cycles were built. It was found
that the highest durability of the glass bead blasting samples was obtained by strengthening mode
with the working fluid pressure of 0.3 MPa that is caused by a favorable combination of levels of
residual stresses, strain hardening, microhardness, in conjunction with a minimal increase in the
surface roughness. Regularities of influence of the micro-balls and glass bead strengthening modes
on the steel EI-347SH contact endurance were defined. More advanced testing methods were applied.
The parameters of micro-ball and glass bead strengthening that provide increased durability under
contact loading for steel EI-347SH samples were determined. This enables one to assign the modes
of SPD when designing the bearings for promising type of gas turbine engines more efficiently. The
test procedure has been improved, resulting in improved reliability of the experimental results.
Keywords: bearings, contact fatigue, residual stresses, durability, micro-ball strengthening,
glass bead.
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