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HIJIBUIIEHHA 3HOCOCTIMKOCTI 3AXMCHOI BTYJIKH BIIIIEHTPOBOI'O
HACOCA I3 CIPOI'O YABYHY INIOBEPXHEBUM I'APTYBAHHAM
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Anomauia. Oouicio 3i crabKux 1aHOK, WO 3HUINCYIOMb 2APAHMIUHUL Yac pobomu GIOYEeHMPOBUX HA-
COCi8, € 8Y30], WO MICMUMb YWITbHEHHS MA 3aXUCH] 6MYIKU. [{isi Ri0SUWeHHs 3HOCOCMIUKOCMI noge-
PXHEB020 wapy MOHKOCMIHHUX 6MYJNIOK 13 Cip020 4aBYHY 3aNpPONOHOBAHO GUKOPUCTOBYEAU NOBEPX-
Hege 2apmy8aHHs 3 IHOVKYIUHUM HAZPIBAHHAM | HU3bKULL 8I0NYCcK. Busnauena onmumanvua memnepa-
mypa HazpieanHs nio iHOYKYiliHe 2apmy8ants 015l OMPUMAHHA MaKCUMAnbHOI meepdocmi. [logepxhe-
6€ 2apmyBaHHs 3 HUSLKUM GIONYCKOM 30IIbWULO 3HOCOCMIUKICMb, K NOPIGHAMU 3 TUMUM YABYHOM, Y
2,4 pasa.

Knrouoei cnoea: cipuii uagyn, mepmiyne 00poOIeHHs, NOGEPXHe8e 2apmy8aHHs 3 THOVKYIUHUM Ha2pi-

BAHHAM, 8IONYCK, MAPMEHCUT.

Beryn

BianeHnTpoBi Hacocw mpu3HAYEHi AN Tepe-
KadyBaHHSA BOAU Ta PiHH, iX BUKOPHCTOBYIOThH
y CHCTeMax Trapsioro Ta XOJIOIHOT'O BOJO- H
TEIUIONOCTAYaHHs, Y CHUCTeMax B0J103a00piB,
JUTSI TI0J1aYil JIaCTOBOI PIIMHU HAa HAQTOBUX PO-
JOBHIIAX, MOPCBKOI BOAM B  CHCTEMax
MOXKEXKOTaCiHHS MOPCBKUX IIOPTOBHUX CHOPYA
tomro. [1].

OpnHi€lo 31 cnaObKUX JIAHOK, MI0 3HIKYIOTh
rapaHTiiHUN 9ac poOOTH HAcoca, € BY30J, SIKAN
CKJIaJIA€THCS 3 YUIUILHEHHS Ta 3aXUCHOT BTYJIKH.
OcHOBHE NpPU3HAYEHHS BTYJIOK B KOMIUIEKTI
poTopa — 3axWINaTH Ball BiJ KOpo3ii, eposii Ta
3HOIIECHHS. 3aXWCHI BTYJKH 13 CIpOro 4aByHY
MaloTh MaJW{ TEPMiH CITy)KOW dYepe3 IIBUIKE
MIOBEPXHEBE 3HOILICHHS.

AHaJi3 myOaixanii

i1 BUTOTOBIIEHHS 3aXMCHHUX BTYJIOK BHKO-
PHUCTOBYIOTH CIpHi YaBYH 3 IUIACTHHYACTHM
rpaditom. Jlas MigBUINEHHS 3HOCOCTIHKOCTI
MOBEPXHEBOT'O APy BTYJIOK 13 Ciporo YaByHY 3
IUIACTUHYACTUM ~ T'padiTOM  BHKOPHUCTOBYIOTH
MOTU(IKYBaHHs, PI3HOMaHITHI METOJU TEPMid-
HOT'O, XiIMIKO-T€PMIi4HOTO, TEPMOLMKIIYHOTO
00pobOenns [2, 3]. Bucoky edhekTuBHICTh Ma-
I0Th TEXHOJIOTIT TEPMIYHOTr0 00pOOICHHS.

Tepmiune 0OpoOIEHHS € MOTYKHUM 3ac000M
HiZBUIICHHS BJIACTUBOCTEH 4YaBYHY 3aBISKU
3MiHI HOTO MaTpuIli, CTyneHs TrpadiTusarii, ro-
MOT€Hi3allii, 3HKEHHS Hapy>KeHb 1 cTadimi3a-
il po3MmipiB.

3acTOCOBYIOTh Taki BUAM TEPMIYHOTO 00-
pOOJIeHHS CipOTO YaByHY: BiAmaieHHsS (BUCOKO-
TEMIIEpaTypHUI 1 HU3BKOTEMIIEPATypHUH), HO-
pMadizanis, rapryBaHHs (00'eMHe i MOBepxHe-
BE), BIAIYCK, i30TepMiuHE Ta TIOBEPXHEBE Tap-
TyBaHHs [4, 5].

Bci BOHM CymnpOBOIKYIOTECSI CTPYKTYPHH-
MU 3MiHAMH B YaBYHI, sIKi POTIKAIOTh y MpoIIe-
ci HarpiBaHHS W OXOJIOJDKCHHS. 3MIIHEHHS Ya-
BYHY JIOCSITAl0 Pi3HOMAHITHUMH BUJaMU TapTy-
BaHHS i BiAMycKy. 3aXHMcHa BTYJKa — 1€ TOHKO-
CTIHHA JI€Tallb, TOMY JUIS 1i IOBEPXHEBOIO 3Mill-
HEHHS HEOOXIITHUH METOJ, SKHH BHKIMKAE Mi-
HiMasbHEe KOpoOJeHHs. HaiOinbin parioHasb-
HHUM € METO/I IHAYKIIIHHOrO rapTyBaHHs [6].

Mera i nocTaHOBKa 3aBIaHHA

Meroto poboTH € 3abe3ledeHHs] BHCOKOL
3HOCOCTIHKOCTI YaByHHHUX JeTalieil HacociB Te-
pMiuHUM 00poOneHHsM. JInisi TOCATHEHHS i€l
MeTH OyJM TOCTaBJIeHI Ta BHpIilleHI Taki 3a-
BIAHHS: BUBYEHHSI YMOB pOOOTH 4YaBYHHOI 3a-
XHMCHOI BTYJIKH Hacoca Ta 0coOauBocTel ii 3HO-
NIYBaHHS; aHai3 MIKpPOCTPYKTYpPH JIUTOTO Cipo-
rO YaByHYy; BH3HA4Y€HHS ONTHMAJIBHOI TeMIepa-
TYypH HarpiBaHHs JIIsl TIOBEPXHEBOTO 1HIYKIIiH-
HOT'O TapTyBaHHS 3 METOI0 OTPUMAaHHA MaKCH-
MaJILHOI TBEPJOCTI 3aXWUCHOI BTYIKH; JIOCTi-
JOKEHHS BIUIMBY CTaHy YaByHY Ha 3HOCOCTiM-
KICTb.



104

Bicuuk XHALRY, sun. 94, 2021

TepmiuHe 00po0JIeHHSI TA TOBEPXHEBE

3MillHEHHSI 3aXMCHOI BTYJIKH i3 ciporo 4aByHy

Sk matepian 3axucHOi BTyNIKHu Oyno BHOpa-
HO cipuii yaByH CY20, axwif Ma€e Takwi XiMid-
auit cxknan: 3,19 % C, 1,76 % Si, 0,38 % Mn,
0,082 % S, <0,21 % P, cnigu Cr, 0,16 % Cu.

[Ipu3HadyeHHsT 3aXUCHOI BTYJKH 3a M'SKHX
CAJIbHUKOBUX YUIUIHEHb — 1€ MOMEPeIKEeHHS
3HOILICHHA Bajla HaOMBKOIO. BTyika mpaioe B
yMOBax a0Opa3WBHOTO 3HOLICHHS €JIEeMEHTaMHU
HaOMBKYM ¥ abpa3WBHUX YAaCTHHOK, SIKI MOTpAIl-
JSIOTH 10 PIAMHM, IO TepeKadye Hacoc 330BHI
[1].

3axucHI BTYJKHA BUTOTOBISIIOTH i3 Ciporo ya-
BYHY, OCKITTbKH BiH 3aBJSIKH CBOIl CTPYKTYpi —
HAsBHOCTI IUIACTMHYACTHX TpadiTHUX BKIIO-
YeHb — Ma€ aHTU(PUKIIHHI BIaCTUBOCTI Ta HU-
3bKUH KOE(DIMieHT TepTsL.

MikpocTpykTypa ciporo 4aByHy B JIUTOMY
CTaHi CKIaJAEThes 3 Mepiity, depury, gocdin-
HOi EeBTEKTHKH 1 BKJIIOYEHb IJIACTHHYACTOTO

rpadiry (puc. 1, 2).

Puc. 1. MikpocTpykTypa 4YaByHy B IJUTOMY
crani, x300

Puc. 2. Ilepnit npiOHO miactuHuyacTuii (300pa-
JKeHHs MoABiHHOI QocdinHoi eBTEKTUKH,
x1000)

Joxuna TpaditHux BriaoueHp [1125 —
15-30 mxwMm, III'n145 — 30-60 MKM, BOHH MaroTh
iacTuHYacty 3aBuxpeny dopmy [II'$2. ITno-
nHa, 3aifHATa nepaitom [196, — Big 94 % mo
98 %. Crynines aucnepcuocti nepmity — 11,0
(Bix 0,8 mo 1,3 MxM). 3anexHO BiJ THITYy PO3IIO-
nimy ¢dochigHOT eBTEKTUKU CTPYKTypa YaByHY
omintoeTbess PEp2 (i301p0BaHi KPYIHI BKIIIO-
YEHHS).

MikpotBepaicte mepnity — Hsp = 1550-
2220 Mlla, mikpoTtBepaicts (ochigHoi eBTeK-
TKH — Hsp = 6500-8000 MI1a.

Jlnst 3011bIIEHHS 3HOCOCTIHKOCTI TIOBEpPXHE-
BOr0 IIapy Ciporo 4yaByHY BHUKOPHUCTOBYBAJIU
MMOBEpXHEBE TapTyBaHHA 3 IHAYKIIHHUM Harpi-
BaHHSIM CTPyMaMH BHCOKOi 4acTOTH. 3axucHa
BTyJIKa Ma€ TOHKI CTiHKH, 30BHIIIHIA JiaMeTp
SAKHX CTaHOBUTH 95 MM, BHyTpimHiA — 80 MM,
TOBIIMHA CTIHKA — 7,5 MM. OCKINIBKH 1HIYKITii-
HE rapTyBaHHS HE NPU3BOIUTH 10 CYTTEBUX BU-
KpHUBIIEHb 1 qedopMalriif, To Horo MoxHa BHUKO-
pPUCTOBYBaTH JJisl TOBEPXHEBOTO 3MIIIHEHHS
TOHKOCTIHHO{ JIETalli, SIKOIO € 3aXHMCHA BTYJIKA.

OCKiNBKH TPOIIeC PO3UYMHEHHS BYTJICLIO Ta
BUTRHOTO BYTJICIIO Y BHIIISIAI TpadiTy B aycTe-
HITI € JyKe MOBUTFHUM (SIK TIOPiBHATH 31 MIBU/-
KicTio mporeciB HarpiBanHsi CBY), waByH mis
rapTyBaHHs TOBMHEH MAaTu MNEPIITHY CTPYKTY-
py, a rpadiT MOBHMHEH MICTUTHCS SK IpiOHI
BKJIIOUEHHS. SIKIIO BHXiZHA CTPYKTypa HE BIO-
BOJIbHSIE BUMOraMm sl raptyBaHHs CBY, to
30UTBIICHHST KIJIBKOCTI MEPIITY B CTPYKTYpi MO-
BUHHO 3a0e3ledyBaTHCS MOMEPeJHIM TepMid-

HUM 00poOseHHsM —HopMamizamiero. [loBepx-
HEBOMY 3MII[HCHHIO IMiIZIaBAJId BTYJIKH 3 CipOro
YaBYHY B JIUTOMY CTaHi Ta IMiCJs HOpMai3alii.

Jliist ToOBepXHEBOTO HArpiBaHHSA JETali HeoO-
X1JIHO CKOHIIEHTPYBaTH BEJHKY KUJIbKICTh €JIeK-
TPUYHOI €HepTii B HEBEIMKOMY 00’€Mi MeTairy
(muToMa  TOTYXXHICTh  CTaHOBUTH 0,5-
15 KBT/CMZ) 1 3MIMCHUTH HArpiBaHHS 3 BEJIUKH-
mu mBuaKocTsME (30-300 °C / ¢). Yac Harpi-
BaHHs Mae ctanoButa 1,5-20 ¢ [5].

Masa muroma notyxkHicts (0,3—0,4 kBT/cM?)
HE JO03BOJISIE HAIPITH MOBEPXHIO YaBYHY BUILE
KPUTUYHUX TEMIIeparyp, TOMY MicCJis rapTyBaH-
HS 3a TakKUX YMOBax 4YaByH 30epirae HHU3bKY
TBEPAICTh. 301bIICHHS Yacy HarpiBaHHS B L[bO-
My BHIAJKY 301UIbIIy€e TMIMOMHY HArpiTOrO IIa-
PY, HE BIUTMBAIOYX HA TEMIIEPATYPY ITOBEPXHI.

Ilutoma moryxHicTh y Mexax 0,7—
1,2 kBT/cM? 33 yMOBH MPAaBUILHO BHOPAHOTO
yacy HarpiBaHHs JIO3BOJISIE OTPUMATH CTPYKTY-
py apiOHOrOIYaCcTOro MapTeHCHTy [5].

[Monaspiie miaABUIICHHS MTUTOMOI MOTYKHOC-
Ti B pa3i 3MEHIICHHS Yacy HarpiBaHHS MPH3BO-
JIUTH JI0 OUITBII Pi3KOTO MEPEX0ay Bijl 3MII[HEHO-
ro Iapy A0 OCHOBHOTO MeTajy. A 3a MOTY>KHO-
cri 2,0-2,2 xBT/CcM® CcrOCTepiraeThes meperpi-
BaHHSI, 110 MPU3BOAUTE 10 YTBOPEHHS CTPYKTY-
PH KPYIHOTOIYAacCTOr0 MapTEHCUTY Ta 3HAYHOI
KUTBKOCTI 3QJIMITKOBOTO ayCTEHITY. 3 TIiIBH-
IICHHSAM MUTOMOI MOTYXHOCTI Ta 3i 30iIbIICH-
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HAM dYacy HarpiBaHHs 30UTBIITYEThCS TINOMHA
3arapTOBaHOrO MIapy.

OcHoBHEM (pakTOpOM, IIO BH3HAYA€E MpOIEC
HOBEPXHEBOTO TapTyBaHHS, € TEMIlepaTypa Ha-
TpiBaHHS, AKYy HEOOXiTHO BHOpaTH 3 OISy Ha
IIBUJIKICTh HarpiBaHHS. Y JIITEpaTypi peKOMEH-
JYETBCSI TAKMH PEXHM: TeMIlepaTypa rapTyBaH-
Hi1 — 840—950 °C 3a mBHAKOCTI HarpiBaHHS
400 °C / ¢c. 3a ganumu [5], MakcuMalbHy TBEp-
JICTh YaBYHY OTPUMYIOTH IIiCIISi TapTyBaHHS 3
temneparypu 840—900 °C 3anexHO Bij cKIamy
YaByHY.

3asekHO BiJl TOBIIWHU 3MIIIHEHOTO MIapy 3a-
xucHOT BTynkd (2,0) MM BiIIOBIIHO 1O peKo-
MeHzarii [6] BuOupaemMo 4actoty CTpymy rap-
TyBaHHsA 54 xI'W.

Bubip ontumanbpHOI TeMmeparypu HarpiBaH-
HS A7 OTPUMaHHS MaKCHUMaJbHOI TBEpPAOCTI
HOBEPXHEBOTO IIApy ICIs MOBEPXHEBOTO Tap-
TYBaHHS 3[IHCHIOBAIM I CIpOTO YaBYHY B JIU-
TOMY CTaHi Ha 5 3pa3Kax, sIKi HarpiBaJv 10 pi3-
HUX TEMIIEpaTyp Y BHCOKOYaCTOTHOMY IO iH-
JIYKTOpa 3 HACTYITHUM OXOJIO/PKCHHSIM y BOJI.

TemnepaTypa HarpiBaHHS i TapTyBaHHS Ta
OTpHMaHi 3HAYCHHA TBEPAOCTI HaBeACHI Y
tabm. 1.

Tabmuus 1 — Temneparypa HarpiBaHHs Hix rap-
TYBaHHS JIITOTO CIPOrO YaBYHY Ta OTPHMaHi 3Ha4YEH-
HSl TBEPAOCTI IIOBEPXHEBOTO LIAPY

Temmeparypa HarpiBaHHsI Cepennst TBEp-
mig rapryBanHs, °C nicts, HRC
800 40
850 49
900 50
950 48
1000 44

Omxe, onTUMalibHA TEMIEpaTypa, sAka 3a0e3-
neyye MaKCUMaJbHy TBEPIICTb, JOPiBHIOETHCS
900 °C.

Ha puc. 3 HaBeseHO poO3MOALIT TBEPAOCTI 3a
MIMOUHOIO 3arapTOBAHOTIO IIapy CIPOro YaByHY.

MikpocTpyKTypa 3arapToOBaHOTO IIapy — Ma-
pTEHCHT, moaBiiiHa (GocdiaHa eBTEeKTHKA 1 rpa-
¢it (puc. 4, a).

Ha puc. 4, 6 HaBeneHi 300pakeHHsI BiIOUT-
KiB @JIMa3HOI Mipamigu: MEHIIUH BiZOUTOK — 11e
MikpoTBepaicTs (ocdinHoi eBrekTukHn Higy =
7240 Mlla, 6inbIunii — MIKpOTBEPIICTh MapTEH-
cuty Hig = 5720 MIla. dochinna eBTEeKTHKA
TiCTIS IHAYKITIHHOTO HArpiBaHHS 30€piraeThCs Ta
3a0e3neuye JOCUTh BUCOKY 3arajbHy TBEPIICTb
3MILHEHOTO TIOBEPXHEBOTO Iapy.

) \

30 \
20
10
0 1,0 2,0 3,0 koM

Puc. 3. Posmomin TBepmocTi 3a INTUOWHOIO
3arapTOBaHOTO MIApy CipOro YaByHY

Puc. 4. MikpocTpyKTypa 3arapTOBaHOTO YaBY-
Hy, x300

[Ticast rapTyBaHHS 3pa3Kul MiAJaBANIHA BiaITy-
ckaHHIO. JlOCITi/UKEHHS BIUIMBY TEMIIEpaTypH
NpoIIeCy BiJIyCKaHHS Ha TBEPJICTh YaBYHY Jie-
MOHCTPYIOTb, III0 BiIMTyCKaHHS 3a TeMIIEPaTypH
200 °C 3umxkye tBepaicts Ha 2—3 HRC, 3a Tem-
nepatypu 300 °C —na 5 HRC, 3a 400 °C — Ha
7 HRC (puc. 5).

JlocmipkeHHsT BIUTMBY TTOBEPXHEBOTO 3Mill-
HEHHS Ha 3HOCOCTIMKICTD 3I1HCHIOBAJIM 3a CXe-
MOI0 «pOJIMK-KOJIOAOYKa» Ha MAaIlWHI TepTs
CMII-2.

Pesynpratn BuUmpoOyBaHb 3HOCOCTIHKOCTI
3pa3KiB YaBYHY B JIUTOMY CTaHi, IiCJIs MOBEPX-
HEBOT'O 3MII[HEHHS JIUTOTO YaBYHY Ta MICIs I10-
BEPXHEBOTO 3MII[HEHHS IONEPEHBO HOPMAJIi-
30BaHOTO YaBYHY HaBezeHi B Tabia. 2. Hopmaii-
3aIifo 3IHCHIOBAIA 33 PEXUMOM HarpiBaHHS
o 870 °C 3 purpumkoro 0,5 ToguHM Ta 0XOJIO-
JOKEHHSIM Ha TIOBITPI.
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Puc. 5. 3anexHicTh TBEpAOCTI MOBEPXHEBOTO
HIapy 4aByHY BiJl TEMIIEpaTypH BiJlIyCKYy

BigHOCHY 3HOCOCTIHKICTh BU3HAYANHN Y CIIiB-
BiTHOIIIEHHI IO BUXiJHOTO (JIUTOTO) CTaHy dYa-
BYHY.

Tabmumss 2 — 3HOCHI BHIPOOYBaHHA YaBYHY
C420
Howmep 3pa3ka Ta cran Brpara | BimHocHa
YaByHY MacH 3a 3HOCO-
15xB,T | CTIHKICTB
1. Cipwuit gaByH B muto- | 17,229 1,0
My CTaHi
2. Cipuii yaByH B Juto- | 7,552 2,4

My CTaHi Hicis rapry-
Bagas CBY i HM3LKOrO
BIJIITYCKAHHSI

3. Cipwuii yaByH, HOpMa- 7,180 2,3
J30BaHMM MiCNs rapTy-
BaHs CBY i HH3BKOrO
BiJIITyCKaHHs

Haii6inbnry 3HOCOCTIHKICTh Ma€ YaByH y JH-
ToMy crtaHi micis rapryBanHs CBY. Makcuma-
JbHA 3HOCOCTIHKICTh 3a0€3MevyeThCsl BHCOKOIO
TBEP/ICTIO MAPTEHCUTHOI MaTpuIli Ta hocdimHol
EBTCKTHKH.

[Momepeans HOpMamizamis NPAKTUYHO HE
BIUIMHYJIa Ha 3HOCOCTIHKICTh YaBYHY, TOMY IO
B Horo ctpykrypi meHme Hix 10 % dQepury.
[lonepenne tepmiune oOpoOIECHHA MOXe OyTH
e(eKTUBHUM 3a YMOB, SIKIIO CTPYKTYp YaBYHY

mictuts 10—20 % depury.

TakuM YMHOM, Ha OCHOBI IPOBEIEHHUX IOC-
JpKeHb OYJI0 BHU3HAYEHO, IO IHAYKIIHHE rap-
TyBaHHS 3 HU3BKUM BIJIITYCKOM JIUTOTO CipOTO
YaByHY JJO3BOJIMJIO 30UIBIIMTH HOTr0 3HOCOCTIiH-
KicTh B 2,4 pasa.

[MoBepxHeBe rapTyBaHHs 3 IHIYKIIHHUM Ha-
rpiBaHHSIM Ma€ BUCOKY NMPOAYKTHBHICTb, HE BU-
KJIMKa€e 3HauHUX Aedopmaniii abo 3MiHH po3Mi-
piB TOHKOCTIHHHX AeTaJied 1 Moxe OyTH peko-
MEHJIOBaHE Il MiABHIICHHS 3HOCOCTIMKOCTI
MOBEPXHEBOT'0 APy 3aXHUCHUX BTYJIOK IIEHTPO-
OKHUX HACOCIB i3 CipOTO YaByHY.

BucHosku

1) 3axucCHi BTYJKH BiJIIEHTPOBOTO Hacoca
3MIHCHIOIOTHh (PYHKIIIIO TOMEPEHKEHHS 3HOIICH-
HS Bajla POTOpa HAOMBKOIO KiHLEBOTO YIIiJib-
HEHHS Ta 3aXHCTY BiJl KOpO3ii;

2) BTyJKa MpAIO€ B yMOBax aOpa3suBHOIO
3HOCIICHHS €JIEMEHTaMH HaOWBKH Ta aOpa3uB-
HUX YaCTHHOK, SIKi MIOTPAIUISIOTH A0 PiIUHH, 110
nepeKadye HAcoC 330BHI, 1 BUTOTOBISETHCS i3
Ciporo 4aByHY;,

3) moBepxHEBe rapTyBaHHsS 3 IHIYKIIHHUM
HarpiBaHHSAM 3 HACTYITHUM HH3bKHM BiIyCKaH-
HSM € e(DeKTUBHUM CITIOCOOOM ITiJIBUIIICHHS 3HO-
COCTIMKOCTI JIMTUX YaBYHHUX BUPOOIB HEBEIH-
KOTO TIepepizy;

5) BU3HAUCHA ONTHMAaJIbHA TeMIlepaTypa Ha-
TpiBaHHS I IHAYKIIHHE TapTyBaHHS CTaHO-
BuTh 900 °C, 1m0 A03BOIMIO OTPUMATH MIKpPO-
CTPYKTYpy 3arapToOBaHOTO IIapy — MapTEHCHT,
nmonBiHY (QocdimgHy eBTeKTHKY i rpadit — Ta
MakcuManbHy TBepAicTh 50 HRC;

6) moBepxHEBe TapTyBaHHS 3 HHU3bKUM Bil-
MYCKOM JIUTOTO CipOro 4YaByHY JTO3BOJHIIO 30i-
JMBIIATA HOTO 3HOCOCTIHWKICTE B 2,4 pasa;

7) momepeaHs HopMmaiizamis Maibke He
BIUTMHYJIA HA 3HOCOCTIHKICTh YaBYHY, TOMY IO
B Horo ctpykrypi menme 10 % deputy. [lone-
penHe TepMiuHe 00poOJICHHS MOXKe OyTH edek-
TUBHUM B TOMY BHIAJKy, CTPYKTypa YaByHY

mictuts 10—20 % depury.
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Increasing wear resistance of the protective sleeve
of the centrifugal pump made of gray cast iron by
surface hardening

Abstract. Problem. One of the weak spots that reduce
the guaranteed operating time of centrifugal pumps
is the assembly that includes the seal and protective
sleeves. The main purpose of the bushings in the ro-
tor kit is to protect the shaft from corrosion, erosion
and wear. The sleeve operates under abrasive wear
conditions by packing elements and abrasive parti-
cles that get into the liquid pumped by the pump.
The protective sleeves made of gray cast iron do not
meet the service life in connection with accelerated
surface wear. Goal. The purpose of the work is to

ensure high wear resistance of cast iron pump parts
by heat treatment. Method. The chemical composi-
tion was determined on a portable laser analyzer
Laser Z200 C +. The structure was studied using an
optical microscope. The wear was investigated by the
roller-block method on a friction machine. Surface
quenching was carried out with a high-frequency
lamp generator in a single-turn inductor. Results.
The microstructure of gray cast iron as cast consists
of pearlite, ferite, double phosphide eutectic and in-
clusions of lamellar graphite. Microhardness of
small-lamellar pearlite is Hs, = 1550-2220 MPa,
microhardness of phosphide eutectic is Hsy = 6500—
8000 MPa. Surface induction quenching by high-
frequency currents followed by low tempering is an
effective way to increase the wear resistance of cast
iron products of small cross-section and does not
cause warping. Cast iron for surface quenching
should have a pearlite structure, and graphite should
be contained in the form of small inclusions.
The optimal heating temperature for induction hard-
ening was determined as 900 °C, which made it pos-
sible to obtain the microstructure of the hardened
layer — martensite, double phosphide eutectic and
graphite. Scientific novelty. The developed modes of
surface quenching make it possible to preserve a
double phosphide eutectic in the structure of the sur-
face layer, which makes it possible to obtain high
hardness and wear resistance of the hardened layer.
Practical significance. Surface induction quenching
with low tempering of cast gray iron increased its
wear resistance by 2,4 times. The previous normali-
zation had practically no effect on the durability of
cast iron, since its structure contains less than 10%
ferrite.

Key words: gray cast iron, heat treatment, surface
induction quenching, martensite, tempering.

Lalazarova Nataliia, PhD, Associate Professor, De-
partment of Technology of Metals and Materials
Science, tel. (057) 707-37-92, e-mail: lalaz1932
@gmail.com, Kharkiv National Automobile and
Highway University, 25, Yaroslava Mudrogo str.,
Kharkiv, 61002, Ukraine.

Afanasieva Olga, PhD, Associate Professor, Physi-
cal Foundations of Electronic Engineering Depart-
ment, tel.  (+38)  096-525-62-35, e-mail:
7584839@ukr.net, 14, Science Avenue, Kharkiv
National University of Radio Electronics, Kharkiv,
61166, Ukraine.

Popova Olena, PhD, Associate Professor, Depart-
ment of Composite Structures and Aviation Materi-
als, (057) 788-44-03, e-mail: 0.popova@khai.edu,
Kharkiv National Aerospace University "Kharkiv
Awviation Institute”, 17, Chkalov str., Kharkiv, 61070,
Ukraine.

Dmytrenko Oleksiy, teacher, tel. (095) 421-26-14.
Kharkiv State Automobile-Road College, 3, st.
Kotelnykivska, Kharkiv, 61201, Ukraine.



mailto:lalaz1932@gmail.com
mailto:o.popova@khai.edu
mailto:lalaz1932@gmail.com
mailto:lalaz1932@gmail.com
https://www.scopus.com/affil/profile.uri?afid=60021801
https://www.scopus.com/affil/profile.uri?afid=60021801
mailto:7584839@ukr.net
mailto:o.popova@khai.edu

