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Pe3tome: B cratbe pacCMOTPEHBI OCHOBHBIE IIPUUUHBI OTKA30B [IeHTPOOEKHBIX HACOCOB, UCIIOIb3YEMBIX B YCTAHOBKAX IIIAXTHOTO
BO0OT/IMBA. [IpoaHaIu3UpPOBaHbl PAKTOPHI, BbI3BIBAIOIIME MHTEHCUBHBIN U3HOC pabouunx Kojec Hacocos Tumna IJHC-33-66...330,
a Tak>Ke CrocoObI MOBBIIIEHUS UX pab0OTOCIIOCOOHOCTH, U3 KOTOPBIX HanuboJiee MepCrIeKTUBHBIM U 3pHEeKTUBHBIM IIPU3HAH Me-
TOJ, XOJIOMHOTO razopuHamMuyeckoro HanbuteHus (XI'H) GyHKIMOHAIBHBIX IIOKPBITUI, IIPU IIOMOIIU KOTOPOTO IIPEACTABIISIETCS
BO3MOYKHBIM YJIyUIIATh COCTOSHUE IIOBEPXHOCTHOTO CJIOS ¥ YCTPAHATD IIOBEPXHOCTHBIE 1edEeKThI UCXOAHBIX 3aTOTOBOK paboumnx
KOJIEC, OKA3hIBAOIIIME CYIIECTBEHHOE BIUSIHUE HA paboTOCIOCOOHOCTD AeTasneit. OTMeueHbl OCHOBHBIE HAIpaBIeHus padoT B
UCCenyeMon 00J1acTy, IPUBEIEHbl IIPAKTUUECKUe PEKOMEH AU 10 UCIIOIb30BAHUIO METOA XOJI0MHOr0 ra30AUuHaMUIeCcKo-
TO HAMbUIEHUs KaK IIPU IIPOU3BOACTBE HACOCOB, TaK U B IIPOI[ECCe UX BOCCTAHOBUTENIBHOTO peMOHTA. [I0Ka3aHo, YTO OMHUM U3
[IEePCIeKTUBHBIX HANlPABJIeHUI pa3BUTUs padoT ¢ Hcnosb3oBanreM XIH-mponecca gBigercs co3naHue Ha JIOMacTax padoumx
KOJIeC MHOTOCJIOMHBIX ITOKPBITUI Ha OCHOBE KOMIIO3HUIMI PA3/INYHBIX META/UIOKePAMHUUECKUX IIOPOIIKOB, UTO IIO3BOJIUT HAPSIAY
C YIUIOTHAOIIE!N 06paboTKOi coolIaTh pabounuM KojecaM KOMIUIEKC HEOOXOMUMBIX (PYHKIIMOHAIBHBIX XapAaKTEPUCTUK IS
YCIIOBHI TUp0abpasuBHOIO U3HALTUBAHUL.
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Abstract: Mining The article discusses the main failure causes of centrifugal pumps used in the mine dewatering plants. The
factors causing intensive wear of the impellers used in centrifugal pumps of the CNS-33-66...330 type are analysed, as well as the
ways of increasing their serviceability. The gas dynamic cold spraying is recognized as the most promising and efficient method
of applying functional coatings, which makes it possible to improve the condition of the surface layer and eliminate surface
defects of the initial impeller blanks, which have a significant impact on the serviceability of the parts. The main research trends
are outlined in the studied area, and practical recommendations are provided on using the gas dynamic cold spraying methid
both in the pump manufacturing process and in their overhaul. It is shown that one of the promising trends in development the
gas dynamic cold spraying applications is the creation of multilayer coatings on the impeller blades based on compositions of
various metal-ceramic powders. Along with the hardening treatment, this combination will allow to provide the impellers with
a set of necessary functional characteristics for the hydro-abrasive wear conditions. technological process as a sequence of
changing the natural state of the Earth's subsoil to obtain a certain quantity and quality of mineral products is characterized by
departures from the specified normative parameter values, which is due to causes of different nature. Most of these causes are
man-made, anf they are created during the performance of specific process operations by the personnel. The article presents
an original approach to managing the control over the technological process parameters in a coal strip mine. To reduce the
magnitude and probability of the process departures from the normative values, the authors propose to create technical and
organizational control loops. Each loop is a closed chain of technical means and organizational tools, which secures up-keeping
of the normative technological process state. Production risk is proposed to be used as a criterion to assess the efficiency of the
control loops. The methodology allowing to calculate the risk is described. The results of the contour approach application to the
technological process control at the Solntsevsky coal strip mine are presented.

Keywords: centrifugal pumps, failure causes, impeller, surface layer, corrosion, wear, casting defects, gas dynamic cold
spraying

For citation: Zotov V.V, Mnatsakanyan V.U., Bazlin M.M,, Lakshinsky V.S., Dyatlova E.V. Extending the service life of centrifugal
dewatering pump impellers in mines. Russian Mining Industry. 2024;(2):143-146. (In Russ.) https://doi.org/10.30686/1609-9192-
2024-2-143-146

«[lopHas MNMpombIwneHHOCTb» Ne2 / 2024 | 143



rOPHOE ObOPYJOBAHUE

Mining equipment

BBenenue

B ropHO#1 IPOMBIIIIEHHOCTH IIEHTPOOEKHbIE HACOCH! 3aHU-
MaloT BaXHOE MecTo, obecrmeunBas 3GQEeKTUBHBIN MIPOLECC
BONOOT/IMBA HA DPA3/JIMYHBIX 3TArnax padOT, BBIIOJIHAEMBIX B
VIOJIbHBIX IIAXTAX U PyOHHUKAX. Paboure Kojeca HaHHBIX Ha-
COCOB TIPEACTAB/AIOT COOOM KIIOUeBhle 3JIeMEeHThl KOHCTPYK-
LIWH, OTIpeJesISIIOIHe UX Ha/leSKHOCTD, IPOU3BOAUTEIBHOCTD U
JIOJITOBEUHOCTH B YCJIOBHUSIX, YUaCTO XapaKTepU3YIOIIMXCSI HAJIH-
4YHEeM arpecCUBHBIX JKUIAKOCTEN U aOpasuBHBIX CPeJl, a TAKKe
BBICOKOM HMHTEHCHBHOCTBIO 3KcIuryatanuu. Jlo 40% oTkas3oB
LEHTPOOEKHBIX HACOCOB BbI3BAHO IMAP0a0pa3uBHbBIM U3HOCOM
MIOBEPXHOCTU pabouux Kojec U Kapurtanuei. OmbIT 9KCIUTya-
TAIMK HACOCOB IOKA3bIBAET, UTO HAanOoJIee CUIbHOMY U3HOCY
TIO/IBEPraroTCs JIOMACTH PAdOUNX KOJIEC Y BXOAHOM KPOMKU U
Ha BBIXOIHOM y4acTKe C paboueit croponst [1-5]. [Toreps reo-
MeTpHuH MpoduIs Kojeca CyIIeCTBEHHO BIUsIeT Ha U3MeHeHne
TeXHUYECKUX XapAaKTEPUCTUK HACOCA, B CBSI3U C UeM JAHHBIN
y3eJI MOKHO CYUTATD INMUTUPYIOIIHIM.

VIHTEeHCUBHOMY U3HAIIMBAHUIO TAKXKe IMTOJIBEP>KEHBI KOPIIYC
U BaJI HACOCA, C KOTOPBIMU CBSI3aHO COOTBETCTBEHHO 70 30 u
20% OTKAa30B CTALMOHAPHOro obopymosaHud. B.M. Ilomos B
CBOMX paboTax OTMEYAeT, UYTO HaJIMJYKe JOCTATOYHO OOJIBIIOro
KOJIMYeCTBa MeXaHUYeCKUX IpUMeCeil B IaXTHOM BOjie 3HAYH-
TeJIbHO IOBBIIIAeT U3HOC IIeJIeBbIX YIUIOTHEHHUH HacocoB [6—§].

Takum 06pa3oM, IIpU YCTAHOBIEHHOM TPOU3BOIUTEIEM HAPA

0O0TKe [0 KalUTAJIbHOIO PEMOHTA LIEHTPOOEKHBIX HACO-
coB 6500 uacoB ux ¢akrTuueckasd HapabOTKa He IPeBbIIaeT
1000 gac [1; 9; 10], uTO BBHI3BAHO MHTEHCUBHBIMU YCIOBUSIMU
9KCIUTyaTaI[uy U U3HOCOM JIeTasIek.

3TH 006CTOATENLCTBA IIPUBOAAT K HEOOXOAMMOCTH HM3BICKA-
HUS U pa3paboTKu 3(PPEKTUBHBIX KOHCTPYKTOPCKO-TEXHOJIO-
TMYEeCKUX U UHBIX IIPeIJIOKEeHUI, HallpaBJIeHHbIX Ha ITOBBIIIIe-
Hue pecypca paboumx KojieC U APYTUX ObICTPOU3HALINBAEMBIX
3JIEMEHTOB OTBETCTBEHHBIX COeUHEHHUI. [Ipr 3TOM B KasK/IOM
OT/IeJIbHOM CTy4dae HeoOXOIMMO YUUTHIBATb 0COOEHHOCTH TeX-
HOJIOTUH H3TOTOBJIEHUS AeTasell COeAUHEeHUN U CIelubuKy
MIPUMEHSIEMBIX MaTEPUAJIOB.

CremyeT mpUsHATE, YTO PAI AKTYaJIbHBIX BOIIPOCOB B 00JIa-
CTHU COBEPIIIEHCTBOBAHUS THAPABIMYECKUX CUCTEM FOPHBIX Ma-
KH U 000PYAOBAHUS COIYTCTBYIOIIUX IPOU3BOACTB YCIIEll-
HO PEIalTCS B HACTOsIIee BpeMsl YHCIEeHHbIMU METOJaMHU C
HCITOJIb30BAHUEM CJIOKHBIX ITU(GPOBLIX Mozesteit. [Ipu momoru
MIPOTPAaMMHOTO MOJEJIUPOBAHUS U CHUMYJISIUU B3aUMOJEN-
CTBUS IIOTOKOB JKUAKOCTEE ¢ pab0YrMHU 3/1eMEHTAMU TUAPOCH-
CTEM U HACOCOB BBISBJISIIOT PAllMOHAJIbHBIE KOHCTPYKTHUBHbIE
rmapaMeTpsl OTBETCTBEHHBIX Y3JI0B, UX PECYPCHbIE TIOKA3aTe!
C yueToM psa crerubruyecKrux 9KCIUTYaTalliOHHBIX GAaKTOPOB
— TeMIepaTypHbIX, CKOPOCTHBIX u Ap. [11-19].

BMmecTe ¢ TeM Ipu MOZEIMPOBAHUU UCCIIEyeMble OOBEKThI
YacTo ueanu3upyroT. KpaiiHe CJI0KHBIM IIPEICTABIISIETCS yUeT
B IUGPOBBIX MOJIEJIAX TAKUX [IAPAMETPOB, KaK I1ePOXOBATOCTD
IIOBEPXHOCTH JeTaJIel, IOPUCTOCTb Ha ITOBEPXHOCTH WJIU HAJIU-
Yne B U3JEJIUAX IPOUSBOICTBEHHBIX NebeKTOB. B CBA3U C 3TUM
TIPY PeleHnH BOTIPOCOB MOBBIIIEHHS] PECYPCa LIEHTPOOEKHBIX
HACOCOB TEXHOJIOTUYECKUMHU METOAAMU HAPSIy C BO3MOXKHO-
CTBIO MOJIEJIMPOBAHMUS BO3HUKAET HEOOXOAUMOCTD OIIEHKU KC-
XOJIHOTO COCTOSIHUS 0OBEKTA MCCIEJOBAHK C ITOCTIEAYIOMIUM
3KCIIepUMEHTAIBHBIM MOATBEPSKIEHUEM IIPAaBOMOYHOCTH TOTO
WIN WHOTO PEKOMEHAYeMOrO MeTOfa IIOBBIIIEHUS pecypca
000pynOBaHUA.

Oco0eHHOCTH COCTOSTHUS
IIOBEPXHOCTHOTrO CJI10s1 paﬁoqux KoJ1ecC

AHaIN3 COCTOSHUSA IATH padOUMX KOJIEC LEHTPOOEKHOro
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cekioHHOro Hacoca moxenu [THC-33-66...330 OO0 «fIcHorop-
CKUI HACOCHBII 3aBoy (Poccus, Tynbckas 001acTh) TO3BOJIAI
BBIABUTH DAl OCOOEHHOCTEl IMOBEPXHOCTHOTO CJIOS JIeTaselt,
00YCIIOB/IEHHBIX TEXHOJIOTHUEN UX U3TOTOBJICHHUSL.

Jlyia pousBOCTBA PaboOUMX KOJIeC U KOPITYCOB HACOCA UC-
nosp3yercsl cepbiii uyryH mapku CU20 (TOCT 1412-85). Mlan-
HBII MaTepual, 0e3yCI0BHO, 00/1aaeT XOPOIIUMHU JIUTENHBIMU
CBOMCTBAMH, B YaCTHOCTH, BBICOKOHI JKHAKOTEKYydeCTblO, Ma-
JIOV JIMHEMHOM YCAAKOM, YTO MMO3BOJISIET MOIy4YaTh HacOHHbIE
3arOTOBKH IIPAKTUYECKU JIIOOBIM CIIOCOOOM JUThS. MeXKmy
TeM, 3arOTOBKU pabourx KOJIeC pacCMaTpUBAEMOro Hacoca 13-
rOTABJIUBAIOT METOJOM JIUTbs B II€CUAHO-IJIUHUCTHIE HPOPMBI
(IIF'®), omHUM U3 CYIIECTBEHHBIX HEJOCTATKOB KOTOPOTO SIBJIS-
€TCsI HU3KOe KaueCTBO ITIOBEPXHOCTHOTO CJIOSI OTJIMBOK, a TAKKe
BBICOKAsl BEPOATHOCTb 06pa30BaHKs Ha TOBEPXHOCTU ra30BbIX
PAKOBUH U PBIXJION CTPYKTYPHL. Tak, Ha paboueii IOBEpXHOCTH
KOJIeca IIPU ero BU3yaJbHOM OCMOTDE BBISIBJIEHBI Pa3BUTAS
mopuctoctsh (puc. 1, a) u rpybas 1mepoxoBaTOCTh MOBEPXHO-
CTH C BBICOTOM MHUKpPOHEepoBHOCTel B rpezenax 320...160 MKMm,
YTO XapaKTEpPHO IJIS Peasu3yeMoro Crocoda auThbs. JJaHHbIi
¢dakrop, 6e3yCI0BHO, OKA3bIBAET HEraTUBHOE BJIMSHUE HA pa-
60TOCIIOCOOHOCTD [ETAAH B YCIOBUAX IHMAPOA0PA3UBHOTO H3-
HOCA U KaBUTALIUH, [IOCKOJIbKY PhIXJIasli KOPKA Pe3KO CHIKaeT
HECYIIYIO CIIOCOOHOCTh IIOBEPXHOCTHOrO C10. Kaskayio mopy
MO’KHO pacCMaTpuBaTh KaK KOHIEHTPATOpP HAIPSIKEeHUH,
CHIDKAIOIIUN IPOYHOCTHBIE CBOIMCTBA KOHCTPYKIUU U CIIO-
COOCTBYIOIIMI OTPBHIBY YACTHUI] MaTepyana IOBEPXHOCTH U
BCTpeue C rTUApOaOpasuBHBIM TIOTOKOM.

Hapsany c atum Ha nepudepruiiHON YacTy JonacTeil paboue-
ro KOJIeca [0 Hapy>KHOMY JuaMeTpy ObUIH BbISBJIEHbI TOHKHUE
TpEeIIUHB], O00YCIOBIEHHBIE, BEPOATHO, TEPMHUUECKMMU Ha-
MIPSDKeHUSIMU, BOSHUKAIOIIUMU B IIPOLIECCe JIUThSI 3aTOTOBKH,
KOTOpbIE IPOSBIJINCH HA JTAIle BBIIOJIHEHUS MeXaHHYeCKOU
06paboTku meranu. JIaHHBIN TIPOU3BOACTBEHHBIN fedekT cy-

a)

6)

Puc. 1

Pa6ouyee koneco LeHTpob6exHoro
Hacoca mopenu LIHC 33-66...330:
a — rpy6as LuepoxoBaToCTb U
pbixnas cTpykTypa
MOBEpPXHOCTHOI O C/os,
CHMXKaloLas CONPOTUBNAEMOCTb
nonartok rmapoabpasuBHomy
M3Hocy; 6 — TpelumnHa Ha o6oae
pabouyero koneca
LeHTPO6EeXHOoro Hacoca,
BCKpbITas B npoLecce
MeXxaHu4eckKon o6paboTku

Fig. 1

Impeller of model CNS 33-
66...330 centrifugal pump:

a — the orange-peel defect
and porous open-grain
structure of the surface layer
that reduce the blade
resistance to the hydro-
abrasive wear; 6 — a crack on
the rim of the centrifugal
pump impeller, opened during
the machining process




IIECTBEHHO CHIKAET HECYIIYI0 CIIOCOOHOCTD KOJIECa 1 MOYKET
CTaThb IepPBOIPUYNHON YCKOPEHHOI0 pa3pyIleHus JIONaCTH.

HamnpasneHust moBsleHUs pecypca
pabouux Kosec

V3BeCTHO, UTO PEIIAOIIYIO POJIb B BOIIPOCAX HOBHIIIEHUS pe-
Cypca urpaet COCTOSIHUE TIOBEPXHOCTHOTO CJIOSI /IeTasIH, OIpe-
JiensieMoe KOMIUIEKCOM CBOHCTB MaTepuasa IMOBEePXHOCTHOTO
CJ10sI ¥ KQUeCTBOM ITIOBEPXHOCTH, OCTUTaeMBIM B IIpOIiecce I0-
JIy4€eHMs 3aTOTOBKH U IIPH €€ MOCIeAYIOIIei MeXaHUIeCKO 00-
pabotke [20; 21]. [Ipx 3TOM ODHUM U3 BasKHEMILIUX [IAPAMETPOB
KaueCTBa, XapaKTepPU3YIOIIUX U3HOCOCTOMKOCTDb ITOBEPXHOCTH,
SIBJISIETCSI IIIEPOXOBATOCTb. 113 TIOCIeJHEro CIeyer, UTo MOBbI-
CHUTh COTIPOTHUBJISIEMOCTb PAbOUYMX KOJIEC TUAPOAOPa3UBHOMY
HU3HOCY U KOPPO3UH BO3MOXKHO IIPY IIOMOIIY Pean3aIiiu cie-
JIYIOIIUX KOHCTPYKTOPCKUX U TEXHOJIOTUYECKUX PeIlIeHU:

— HCITIOJIb30BAHMUE ISl pabounx KOJieC MaTepuasos, obiana-
IOIIUX IOBBIIIEHHON KOPPO3UOHHON CTOMKOCTBIO U H3HOCO-
CTOMKOCTBIO;

— UCIOJIb30BAHUE IS TIOJTyYeHHs 3ar0TOBOK pabounX KOJIeC
CIIeUAaNbHBIX METOIOB JIUThs, 0OeCIeYnBamIuX Ooee BbI-
COKYIO TeOMeTPUYECKyI0 TOYHOCTD AeTajId U KauecTBO ee I0-
BEPXHOCTH, 4 TAK)Ke CHIKAIOIIUX BEPOATHOCTb 0OPa30BaAHIUSL
[IOBEPXHOCTHBIX 1e(eKTOB;

— MoxubHUIUPOBAHUE [TOBEPXHOCTEN pabouux KOyec pas-
JIMUHBIMA  METOIAMH  (XUMHUKO-TEPMHUUECKON 00paboTKOi,
MAarHUTHO-UMITYJIbCHOM 00paboTKOI U Jp.);

— YIOPOYHEHUE U YIUIOTHEHHNE HN3HAIIUBAEMBIX 3JIEMEHTOB
HACOCOB HaHeceHreM GYHKIMOHAIBHBIX TOKPBITUIL.

Kaskziplit U3 BapUaHTOB MOKET ObITh PeayM30BaH KaK CaMmo-
CTOSITEJIBHO, TAK U B COYETAHUH C JPYTUMHU IIPUBEIEHHBIMU Me-
Tonamu. [IpUMeHHUTENIPHO K pacCMaTpuBaeMbIiM 00pasiam pa-
60UMX KOJIEC, B CHITY XapaKTepa CYIIeCTBYIOIIEro CTabUIbHOTO
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MIPOU3BOACTBEHHOTO MPOIIeCCa UX U3TOTOBJIEHHS, PeaTn3aIus
MepPBbIX TPeX MPeIIOKeHUI MaIOBEPOSITHA U HepaIlMOHAJIbHA,
TaK KaK 3TO COIPSDKEHO CO 3HAUUTENIbHBIM YBeIUYEeHHEM IIPO-
HN3BOACTBEHHBIX 3anaT.

OueBUIHO, UTO TP BHIOOPE YIUIOTHAIOUIMX U YIIPOUHSIOIIUX
GYHKUMOHAMBHBIX MTOKPBITHI, 4 TAK’Ke METONOB UX HaHece-
HUS, CJIeAyeT OTAaBaTh MPEANOUTEHHE CIIOCOOaM, IO3BOJIIO-
[[UM TapaHTUPOBAHHO YCTPAHATh BO3MOKHBIE Je(eKThI TUThS
0e3 MHTEHCHBHOTO HarpeBa 06padaTbIBAEMOIl IIOBEPXHOCTH.
C o011 TOUKM 3peHus Handosee 3pGHeKTUBHBIM CII0COOOM SBJI-
eTcsl XOJIOAHOe ra3omuHaMuyveckoe Harmbuienre (XTH) mokpsbi-
TUI Ha MeTa/UIM4eCcKOi OCHOBE, 00eCIeunBarolee repMeTru3a-
[IHIO IO, A TAK’Ke BO3MOXKHOCTb 3a/1eJIKU MPOU3BOACTBEHHBIX
nedexros B Buze TpenwH [22]. Hu oguH U3 CylIIeCTBYIOMIUX
MEeTO[OB HaHEeCEeHUSsI MOKPHITHIT TAKUM KOMIUIEKCOM XapaKTe-
PHUCTHK U TEXHOJOIMYECKUX BO3MOYKHOCTE He 00/1a1aer.

HpI/I IIOMOIITHU XOJIOAHOIO ra30AMHAMUNUYECKOr0O HAIIbIJICHU ST
MOSKHO (GOPMHUPOBATH MHOTOCJIOMHBIE TIOKPHITUS U3 PA3JIAY-
HBIX MeTEUUIOKepaMI/ILIeCKI/IX KOMHOSI/ILII/Iﬁ HA OCHOBE aaro-
MUHUS, MEIU, HUKEJII U IPYTUX METAJUIOB, TEM CaMbIM 00e-
crieunBas HeoOXoauMble QYHKIHOHAIbHBIE XapAKTePUCTUKU
[TOBEPXHOCTHOTO (JIOS pPabouyux KOJIeC U APYTUX 3JEeMEHTOB
HaCOCHOro 060pyI0BaHus, KaK IIPU UX IPOU3BOJICTBE, TAK U
B IIPOI[eCCe PEMOHTA.

3aknro4yeHue

Jlyig MoBBIIIEHUs pecypca padouux KoJec IeHTPOOEKHBIX
HacocoB [THC-33-66...330, u3roToByIeHHBIX U3 CEpOT0 YyTyHa
CY 20 mutbeM B [T, 1eecoobpasHo MPUMEHATD JOTIOIHU-
TEeJIbHYI0 06pabOTKY METOLOM XOJIOAHOTO ra30qMHAMIYECKO-
TO HAIIbUICHUS C LEJIbI0 YIIYUHICHUA COCTOSHUSA U KayeCTBa
[IOBEPXHOCTHOTO CJIOS M YCTPAHEHMs BO3MOXKHBIX 1e(DEKTOB
JIUTBA.
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