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Hlawxko FO.A. Po3poOka TeXHOJOTIi YUCTOBOI OOPOOKH JIOMATOK TypOiHH
TypOOHACOCHHMX arperariB, BUTOTOBIIEHHX MeTojioM 3d npyky — KpamidikariiitHa
HAyKOBa Mpals Ha mpaBax pykonucy. Jucepraris Ha 3000yTTs CTyHEeHs JOKTOpa
dinocodii 3a cmemianpHicTIO 134 ABiamiifHa Ta pakeTHO-KOCMIYHA TEXHiKa. —
JIHipoBCHKMIA HalllOHANBHUH yHIBepcuTeT iMeH1 Onecs ['onuapa.— J{ninpo, 2023.

JucepraiiitHy poOOTy MPUCBSIYEHO PO3poOIll 1 BIPOBAKEHHIO TEXHOJOTI]
YUCTOBOI OOpOOKHM JomaTok TypOiH TypOOHACOCHUX arperariB BHUTOTOBJICHHX
aaUTUBHUM MeTonoM. KocMmivHa ranays3p 3aiiMae MpiopUTETHE MICIe B €KOHOMIIT
KOXHOI IMPOBIAHOI A€pKaBH, JOCATHEHHS B LIbOMY CEKTOP1 3a0€3MeUyIOTh JIiIE€PChK1
MO3uIlii HA MKHAPOJHOMY PUHKY KOCMIUHUX TEXHOJIOTIN a TaKOXK JOAAI0Th MEBHY
Bary B IUTaHHI OCBOEHHS KOCMIYHOTO MPOCTOPY. B KOXKHII KpaiHi 0 CKIIaly 1aHO1
rajy3i BXOJUThH I[iJIa HU3KAa BUCOKOTEXHOJOTIUHUX MIJMPUEMCTB, IO 3alMAarOTh
3HAYHUN CEKTOP B EKOHOMIKHU Ta MPEICTABIAIOTH IEPKABY Ha CBITOBOMY PUHKY.

PakeTHO-KOCMIYHA TEXHIKAa MPOMIUIa 3HAYHUN LUISIX TEXHOJOTIYHOrO
PO3BUTKY, BUKOPUCTOBYIOUHU HaliCy4yacHIIIl METO/IU MPOCKTYBaHHS,
KOHCTPYIOBaHHsSI Ta BUPOOHHUIITBA. BUKOpUCTaHHS B pakeTHIM TEXHIIl 3HAYHOI
KUIBKOCT1 CKJIAJHUX MNPOLECIB Ta MPUHLHUIIB, NOTPeOye BUTOTOBJIEHHS JAeTajei
BYy3JIIB Ta arperariB, 3JaTHUX TMpaIioBaTH HAa MEXKI  MOXXIMBOCTEH
BUKOPUCTOBYBaHUX MartepianiB. [IpukmanoM Takux MpoleciB € BUPOOHUIITBO
TypOoHacocHux arperariB (THA), mo € oaHMM 3 HAWBaKJIMBIIMIUX €JIEMEHTIB
PIAMHHOTO PAKETHOTO JBUTYHA, 3aBAAHHS SKOTO TOJIATAE B 3IMCHEHHI MOaadql
MaJTMBHUX KOMIIOHCHTIB B KaMepy 3ropaHHS.

XKopctki ymMoBH poOOTH Ta KOHCTPYKTHMBHA CKJIAAHICTh neraneii THA
BHUCYBAalOTh BHMCOKI BHUMOTH SIKOCTI JO i1X BHUTOTOBJICHHS, a caMme: HaJiiHO
3abe3neuyBatu Oe3nepediiiHy moaauy HeoO0X11HOI KUTbKOCTI KOMIIOHEHTIB y KaMepy
3TOpaHHsI 3 HEOOX1THUM TUCKOM JIJIs 3a0€3MeUYCeHHS] MAaKCUMaTBHOT TPOTyKTUBHOCTI
(KK) TtypbonacocHoro arperary; TypOiHa IIOBUHHa MaTH BHCOKY KYTOBY

MIBUAKICTh 0€3 3acTOCYBaHHS MEXaHIYHUX Tiepefad oOOepTaHHS; TOYHICTh
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IMOCAJKOBUX MICIlb IOBMHHA BIANOBIgaTH 7-12 kBajiTeTaMm; OHWTTS 30BHIIIHIX
MOCaIKOBUX MiCIIb BIIHOCHO OCi POTOpa Ta LIEHTPAIbHOI BUTOYKH OTBOPY MTOBUHHO
3HaxoauTUCh B Mexkax 0,001-0,1 mm; makcumanbHui nucbOaianc AUCKIB TypOiH HE
oinpine 5 rc/cm Ha twiede B 100 MM; moBepXHI IuCKa TypOIHU 33111 YHUKHEHHS
KOHIIEHTpAIlli HaNpy>KeHHs HE MOBHHHI MaTH PHUCOK Ta PI3HUX TIEPEXO/iB;
HIOPCTKICTH JIonaTok He Oubire Ra=0,63...0,8.

OmHuM 3 OCHOBHHUX €JIEMEHTIB TypOOHACOCHOTO arperary € pobode KoJieco
TypOIHH, 1[0 EKCIUTyaTyeThCS MPU BHUCOKOTEMIIEPATYpHUX HABAHTAKEHHAX Ta
BUTOTOBJIAIOTECS 3 KApOCTIMKUX MarepiaiiB. B mpoleci KOHCTpYIOBaHHS JIHUCKIB
TypOIH BeJIMKa yBara NpuaUIsIETbCS PALllOHATIBHOMY CIIOCO0Y KPIIUIEHHS JIOMAaTOK 3
TOYKH 30py KOHCTPYKTHUBHOI MIITHOCTI Ta TEXHOJOTTYHOCTI KOHCTPYKITii. Haitb11p1m
ONTUMAJIIBHUM THUIIOM KOHCTPYKIII € TypOlHU 3 JIONaTKaMH 3aKpUTOro Tumy (3
OaHmaxeM) BUKOHAH1 3a OJHE I[1JIe 3 AUCKOM. baHmakHe KIJblle BIAIrpae BaKIUBY
pOJIb B KOHCTPYKIIIi Ta poOOTI TypOiHH B LIJIOMY, TaKUil THI TypOiH Ha3UBAETHCS
3aKPUTHM.

Tpaauiiiine BHUrOTOBJICHHSA JeTajei MOMIOHOTO THUITY 3a0e3MedyeThCs
BUKOPHCTAHHSM OCBOEHUX HAYKOMICTKMX TEXHOJOTIH TaKUX SIK, TUTTS 1] THCKOM
a00 3a BuTOILTIOBaHUMU MojensaMu. Typ6ina THA moBuHHA MaTu JpKEpeno eHeprii
(re3oreneparop abo mapoOaoHH 3 Ta30M IIiJ] BUCOKMM THCKOM) 3 MIiHIMAJIbHUM
MIJBUIIICHHSM MacH KOHCTPYKIIIi Ta JIETKO MEPEXOIUTH Bijl OJHOTO PEKUMY POOOTH
1o inmoro. Koneco Typ6iHM Mae J0MAaTKK CIEIAIbHOTO TPOPUTIO K1 CIPUITMAIOTh
JI1}0 TEHEPATOPHOrO Ta3y 1 nepeAaroTb 00epTOBUN MOMEHT Ha BaJl.

OCHOBHMMH 1 HEOOXITHUMU BUMOTaMHU IPHU YUCTOBINA 0OpoOOLl MOBEPXOHb
JIOTIATOK € 3a0e3MeUeHHs MOPCTKOCTI MOBEPXHi 3 mapamerpom He Buie Ra 0.8 ta
TOYHOCTI (opMH TpodUI0 JOMATKH, WO OE3MOCepe/IHbO BIUIMBAE HA
ra3oJlMHAMIYHy XapaKTepUCTHKY TypOiHM B 1iioMy. HeoOxiaHicTh 3abe3nedeHHs
BUCOKOi YHCTOTH TIOBEPXHI JIOMATOK 3aKPUTUX MOHOKOJIC OOyMOBIICHA
cnenudikor0 poOOTH y arpecCMBHOMY CEpPEJIOBHUINI 3 JOCUTh BHUCOKHUMU

TeMIEepaTypaMH.
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[le onni€ro OCOONMBICTIO BHUPOOHMIITBA PAKETHO-KOCMIYHMX amapaTiB €
3aCTOCYBaHHS BEJMKOI KIJIBKOCTI CKJIQAHUX TEXHOJIOTIYHUX MPOLECIB, YHIKAIBHOTO
BUPOOHUYOTO Ta BUMPOOYBAJIBLHOIO 00JIaIHAHHS, 1110 3yMOBIIIOE BEJIMKI BUTPATH, 1
SK HACHiJOK, 3017bIIeHHsI cO0IBapTOCTI BUPOOiIB. BiTUM3HSAHE paKeTHO-KOCMIYHE
BUPOOHUIITBO MOTPeOYye MIMOOKOT MOJAEpHI3allii, a caMe MPOAYKTUBHUX, JICIIEBUX
METOJIB BUTOTOBJICHHS Ta OOpOOKH BIAMOBIAAIBHUX BHUPOOIB TaKUX SIK JOMATKU
TypO1H 3aKpUTOrO TUIY BUKOHAHI 32 OJIHE I[1JI€ 3 TUCKOM.

Came TOMYy Cy4YyacHHUU TEXHOJOTIYHUN PO3BUTOK PAKETHO-KOCMIYHOTO
MalIMHOOYAyBaHHS CHOPSIMOBAHUM Ha CTBOPEHHS 1 BIPOBAIKEHHS HOBITHIX
TEXHOJIOT1, 110 JO3BOJISIIOTh CYTTEBO 3MEHIIUTH BUTPATH 1 TEPMIHU BUPOOHULITBA
PAKETHO-KOCMIYHOT TEXHIKA Ta CIPOCTUTH BUTOTOBIEHHS OKPEMHX BY3IIIB,
arperartiB 1 pakeT-HOCIiB B IUIOMY. Jl0 TaKUX TEXHOJIOT1M BIAHOCSATHCS aTUTHUBHI
METO/I1 BUPOOHUIITBA, CEPE/I AKX 0COOJIMBE MicCIIe 3aiiMatoTh TeXHoorii 3D-apyky
METOJIOM CEJICKTHBHOTO JazepHoro IwiaBieHHs (SLM). BoHu 103BOJNSIOTH
BUTOTOBJISITH JeTalll 32 MU(POBUMH MOACISIMUA METOJIOM TOIIAPOBOTO JOaBaHHS
matepiany. [lpu 1upomy oTpumaHHS BUPOOY BiIOYBAa€ThCA KPOK 3a KPOKOM,
oe3nocepeHb0 (POPMYBaHHSIM IIApy MaTepiaily, HOro 3aTBEpIiHHAM Ta (iKcalli€ro
3 MOTIEPEIHIM IIIapoM Y BiamoBiaHOCTI 3 fanumMu CAD mogeni.

B skocTi JKkepena eHeprii MO)e€ BHKOPUCTOBYBATHUCH EIIEKTPOHHHUN a0o
Ja3epHUi IpoMiHb. B mepmry yepry, iHTepec 1o SLM-TexHooriii BUHUK B aBiarlii,
MEJUIMHI Ta KOCMIYHIM MPOMHCIOBOCTI, OCHOBHUM PYIIIEM SIKMX € €KOHOMIYHA
palllOHAJIBHICTh. 3aCTOCYBAHHS ITUX TEXHOJOTIM J103BOJISIE CTBOPIOBATH JI€Talll 3i
CKJIQJHOIO T€OMETPIEI0, MIHIMAJIBHOIO MAacOl0 KOHCTPYKIIii, 30€peKEHHIM BUCOKUX
MIIHICTHUX  XapakTepucTuk. Jlns wMeramiB meraneil, OTPUMaHUX JaHOIO
TEXHOJIOT1€10, XapakTepHa JpiOHO3EPHHUCTA CTPYKTYpa, IMPHU LIOMY iX MEXaHI4YH1
BJIACTUBOCTI TIOBTOPIOBaHI 1 YacTO TEPEBUIIYIOTh AaHAJIOTIYHI BIJIACTUBOCTI
AHAJIOTTYHUX METANIB y BHPOOaX, OTPUMAHUX, HANPHUKIIAJ], IITAMITyBaHHSIM a0o
muTTsM. OHaK BUTOTOBJICH] aAMTUBHUM METOAOM JIOMATKKA PoOOYMX KOJIIC TypOiH
MalOTh CEpIO03H1 HEMOMIKH, a caMe YCKJIaIHEHA HaBITh YaCTO HEMOXJIUBA 00poOKa

poOOYMX TMOBEPXOHb 3BUYANHUM  PI3aJbHUM  1HCTPYMEHTOM  HEMOXJIMBO
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peanizyBaTd 4epe3 HE3HAYHI 3a30pH MiX MOBEPXHAMH JionaTok (2...3,5 mMmM) Ta
HAsSBHICTIO OaHTa)KHOTO KUTBIIS.

Kpim Ttoro SLM-texHomsorii MaroTh 1 JAesSKi HEIOJIKH, IIOB’s3aHI 3
BUHUKHEHHAM J1€()EKTiB, BUKIMKAHUX JIOKAJIBHOIO €0 MPOMEHS — HANpPY>KCHHS,
ycajika MeTajly, IOPUCTICTh Ta iHIIe. Makpo- 1 MIKporeoMeTpisi HOBEPXOHb JIeTaNICH,
MIKPOCTPYKTYypa iX Marepiajly y 3Ha4Hl Mipl 3aJ€XHUTh BiJ] KOHKPETHOTO METOIY
CIUIaBJICHHS 1 TEXHOJIOTTUHUX MapaMeTpiB mpoiiecy. [IpodiaemMoro Takux TeXHOIOT 1
€ BeJMKa HIOPCTKICTh MOBEPXHI Marepialy HaJIpyKOBaHOTO BUPOOY, sKa JUIs
KOKHOTO BHKOPHUCTOBYBAHOTO MeETajly, 3aleKHUTh BIJ] PEKHUMIB CIUIaBICHHS,
BJIACTUBOCTEHN BUXIAHOTO MOPOLIKY Ta MOJIOKEHHS MOBEPXHI IPH IPYKYBaHHI.

[Tomryk abo po3poOKa METOAIB 3HMKEHHS IIOPCTKOCTI TOBEPXOHb BUPOOIB,
oTpuMaHux 3a SLM-TexHoIOTi€0, € BAXKIIMBUM HAIIPSMKOM JO0CIiHKEHB, OCOOTIMBO
JUTS 3aKPUTHX 200 BHYTPIIIHIX KPUBOJIIHIMHUX MOBEPXOHB 3 00MEKEHUM JIOCTYTIOM,
SK-TO BHYTPIIIIHI TOBEPXHI BIALIEHTPOBUX KOJIIC HACOCIB 200 3aKPUTHX JIOMTATKOBHUX
KaHaJIIB pOOOYMX MOHOKOJIC TYypOiH TypOOHACOCHUX arperaris.

3aBaaHHAM JaHOi poOOTH € po3poOka ehEeKTUBHOI TEXHOJOTIi 00pOoOKU
3aKpUTUX TOBEPXOHB JIOMATKOBHUX KaHAJIB KOJiCc TypOiH, BUTOTOBIEHUX 32 SLM-
TEXHOJIOTIE€I0, K CHocoOy 3HIKEHHS iX mopcTKocTi. CKiIamHicTh 00poOKH
3aKPUTHX TOBEPXOHb JETaJie TOMIOHOTO THUITY TIOJNSITaE Y HEMOXKIUBOCTI
3aCTOCYBaHHS ICHYIOUMX METO/IB MEXaHIYHOTO 1 XIMIYHOTO (¢pe3epyBaHHS abo
nutiyBaHHs 3 MPUYMH BIJICYTHOCTI JOCTYMY 1HCTPYMEHTY JO0 30HHU OOpOOKU B
3B’SI3KY 3 0COOJMBOCTAMHU (POPMH 3aKPUTHUX KaHATIB Ta IX PO3TAIIYBAHHSM B IETAJIL.
AHani3 MOXJIMBUX METO[IB OOpOOKU 3aKPUTHX MOBEPXOHb JIOMATKOBUX KaHATIB
KOJIIC TypOiH MOKa3aB, 0 BUKOPUCTAHHS a0pa3WBHO-CTPYMEHEBOI 0OpoOKH Ta ii
pI3HOBHAY — OJIACTIHTY BIAKPUBA€ MEPCHEKTUBHU IJisi PO3POOKH €PEKTUBHOIO
METOIY 3HMKEHHS MMOPCTKOCTI CKIATHONPODIILHUX 3aKPUTHX MTOBEPXOHH TYpOiH,
3a yMOB BIJMOBIJHOI ajamnTailii iCHyIOUHWX CHOCO0IB aOpa3MBHO-CTPYMEHEBOI
0OpoOKM, BCTAHOBJICHHS 3aKOHOMIPHOCTEW BIUIMBY IapaMeTpiB OOpoOKH Ha
KIHIIEBY IIOPCTKICTh TMOBEPXOHb, YJOCKOHAJEHHS TEXHOJOTIYHOTO OCHAILEHHS,

PO3pOOKH TEXHOJIOTTYHOIO MPOIIECY Ta BIPOBAIXKEHHS OT0 Yy BUPOOHHUIITBO.
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B mpomeci po3poOku  €pEeKTUBHOTO METOAY 3HIDKCHHS IIOPCTKOCTI
CKIaAHONPOIIHHUX 3aKPUTUX MOBEPXOHb TYpOiH OYyJI0 BUPIIICHO PsJ BAXKIUBUX
3azay:

- BUKOHAHO MOPIBHSUTBHUN aHaMi3 ICHYIOUUX Ta MOKJIMBUX METOJI1B 00pOOKHU
poOoYMX TOBEPXOHBb JIOMATOK Ta JeTaned MoAiOHOro THIY, Ha OCHOBI SIKOTO
BU3HAUCHO 1 OOIPYHTOBAHO MeETOJ] aOpa3MBHO-CTPYMEHEBOI YHMCTOBOI OOpOOKHU
poOOYMX TIOBEPXOHBb JIOMATOK 3aKPUTOrOo THUIY (3 OaHAaxeMm), sK HaHOUIBII
e(heKTUBHU;

- pO3p00JIEHO METOAMKY OLIIHKH IIOPCTKOCT] CKJIATHONPO(PUIBHUX 3aKPUTHX
MOBEPXOHB JIONATOK TYypOIH;

- IPOBEIEHO MOJIEIIOBAHHSA NpPOLECy aOpa3MBHO-CTPYMEHEBOI 0OpOOKH
METOJIOM KIHIICBUX €JIEMEHTIB, IO Jaj0 3MOTY OUIBII JeTadbHO JOCHIIUTH
3aKOHOMIPHOCTI 00OpOOKHU, BUSBUTH KIIIOUOBI (haKTOPH, 110 BIUTMBAIOTH Ha KIHIIEBUN
pe3yibTaT, Ta Ha iX OCHOB1 00paTu HalO1IbII €PEKTUBHI MapaMeTpu 0OpoOKH;

- MPOBEACHO EKCIEPUMEHTAJIbHI JIOCHIPKEHHS BIUIMBY aOpa3sUBHOIO
MaTrepialy Ha 3pa3Kax-CBiIKaxX, Js MIATBEPKEHHS €(PEKTUBHOCTI OOpaHMX
peXUMIB 00pOOKH 1 THIY a0pa3uBHOIO Marepiaiy;

- 3IIMCHEHE JOOCHAIEHHS TEXHOJOTIYHOro OOJIagHAHHS, IO JO3BOJIMIIO
3pobuTn Tporec OOpOOKH CKIATHOMPOMUILHUX 3aKPUTUX IMOBEPXOHBb JIOMATOK
TypOiH O11bII €PEKTUBHUM Ta KOHTPOJIbOBAHHM.

Takum ymHOM, y AMcepTaliifHiii poOOTI PO3B’sA3aHO aKTyaJlbHY HAyKOBO-
NpakTUYHY 3ajJady 13 3a0e3nedyeHHsT HEeOoOXIJHOTO0  PIBHS  IIOPCTKOCTI
CKJIAQAHOMPO(IIBHUX 3aKPUTUX MOBEPXOHb TYPOIHM Y BIAMOBIIHOCTI J0 BHUMOT
KOHCTPYKTOPCHKOi JTIOKYMEHTAIlli, IUIIXOM PO3POOKH €(PEKTUBHOI TEXHOJOTI]
a0bpa3uBHO-CTPYMEHEBO1 OOPOOKHU.

KuouoBi cjioBa: aguTHBHI TEXHOJOTIi, TypOOHACOCHHI arperar, JIOMATKH
TypOiH 3akputoro tumy, SLM-TexHomorii, aGpa3uBHO-CTpyMeHEBa 0OpoOKa,

CKJIaTHOTIPO(1JIbHI MOBEPXHI, IIOPCTKICTh, MOJICIIFOBAHHS TIPOIIECY 0OPOOKH.



SUMMARY

Shashko Yu.A. Development of the technology for finishing the turbine
blades of turbopump units made by the 3d printing method — Qualifying scientific
work with manuscript rights. Dissertation for the degree of Doctor of Philosophy in
specialty 134 Aviation and rocket and space engineering. - Dnipro National
University named after Oles Honchar.— Dnipro, 2023. The dissertation work is
devoted to the development and implementation of the technology of final
processing of turbine blades of turbopump units manufactured by the additive
method. The space industry occupies a priority place in the economy of every
leading state, achievements in this sector provide leadership positions in the
international market of space technologies and also add a certain weight to the issue
of space exploration. In each country, this industry includes a number of high-tech
enterprises that occupy a significant sector of the economy and represent the state
on the world market.

Rocket and space technology has gone through a significant path of
technological development, using the most modern methods of design, construction
and production. The use of a significant number of complex processes and principles
in rocket technology requires the manufacture of parts of assemblies and units
capable of working at the limit of the capabilities of the materials used. An example
of such processes is the production of turbopump units (TNA), which is one of the
most important elements of a liquid rocket engine, the task of which is to supply fuel
components to the combustion chamber. The harsh working conditions and
structural complexity of TNA parts impose high quality requirements for their
manufacture, namely: reliably ensure uninterrupted supply of the required number
of components into the combustion chamber with the required pressure to ensure
maximum performance (efficiency) of the turbopump unit; the turbine must have a
high angular speed without the use of mechanical rotation gears; the accuracy of
seats must correspond to 7-12 qualities; the runout of the external seats relative to
the axis of the rotor and the central recess of the hole should be within 0.001-0.1

mm; the maximum unbalance of the turbine discs is no more than 5 gs/cm per
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shoulder of 100 mm:; the surfaces of the turbine disc should not have scratches and

various transitions in order to avoid stress concentration; the roughness of the blades
IS no more than Ra=0.63...0.8.

One of the main elements of the turbopump unit is the turbine impeller, which
Is operated under high-temperature loads and is made of heat-resistant materials. In
the process of designing turbine discs, great attention is paid to the rational way of
fastening the blades from the point of view of structural strength and
manufacturability of the structure. The most optimal type of design is turbines with
blades of a closed type (with a bandage) made as one unit with a disk. The tire ring
plays an important role in the design and operation of the turbine as a whole, this
type of turbine is called closed.

The traditional production of parts of this type is ensured by the use of
mastered science-intensive technologies such as injection molding or melting
models. The TNA turbine should have an energy source (gas generator or high-
pressure gas cylinders) with a minimal increase in structural weight and easily switch
from one operating mode to another. The turbine wheel has blades of a special
profile that perceive the action of the generator gas and transmit the torque to the
shaft.

The main and necessary requirements for finishing the surfaces of the blades
are to ensure the surface roughness with a parameter not higher than Ra 0.8 and the
accuracy of the shape of the blade profile, which directly affects the gas-dynamic
characteristics of the turbine as a whole. The need to ensure high cleanliness of the
surface of the blades of closed monowheels is due to the specifics of working in an
aggressive environment with fairly high temperatures. Another feature of the
production of rocket and space vehicles is the use of a large number of complex
technological processes, unique production and testing equipment, which leads to
large costs, and as a result, an increase in the cost of products. The domestic rocket
and space industry needs deep modernization, namely, productive, cheap methods
of manufacturing and processing responsible products, such as blades of closed-type

turbines made as one unit with a disk.
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That is why the modern technological development of rocket and space
engineering is aimed at the creation and implementation of the latest technologies
that allow to significantly reduce the costs and terms of production of rocket and
space technology and to simplify the manufacture of individual components,
aggregates and launch vehicles as a whole. Such technologies include additive
manufacturing methods, among which 3D printing technologies using selective laser
melting (SLM) occupy a special place. They allow the production of parts based on
digital models by the method of layer-by-layer addition of material. At the same
time, the product is obtained step by step, directly by the formation of a layer of
material, its hardening and fixation with the previous layer in accordance with the
data of the CAD model.

An electron or laser beam can be used as an energy source. First of all, interest
in SLM technologies arose in aviation, medicine and the space industry, the main
driver of which is economic rationality. The use of these technologies allows you to
create parts with complex geometry, minimal structural weight, and preservation of
high strength characteristics. The metals of parts obtained by this technology have a
characteristic fine-grained structure, while their mechanical properties are repeated
and often exceed the similar properties of similar metals in products obtained, for
example, by stamping or casting. However, the blades of turbine working wheels
manufactured by the additive method have serious drawbacks, namely, the
complicated and often impossible processing of the working surfaces with a
conventional cutting tool cannot be implemented due to the small gaps between the
surfaces of the blades (2...3.5 mm) and the presence of a banding ring. In addition,
SLM technologies have some disadvantages associated with the appearance of
defects caused by the local effect of the beam - stress, metal shrinkage, porosity, etc.
The macro- and microgeometry of the surfaces of parts, the microstructure of their
material largely depends on the specific fusion method and technological parameters
of the process. The problem of such technologies is the high roughness of the surface

of the material of the printed product, which for each metal used depends on the
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alloying modes, the properties of the original powder and the position of the surface
during printing.

The search or development of methods for reducing the roughness of the
surfaces of products obtained by SLM technology is an important direction of
research, especially for closed or internal curved surfaces with limited access, such
as the internal surfaces of centrifugal pump wheels or closed blade channels of
working monowheels of turbines of turbopump units.

The task of this work is to develop an effective technology for processing the
closed surfaces of blade channels of turbine wheels, manufactured using SLM
technology, as a way to reduce their roughness. The difficulty of processing the
closed surfaces of parts of this type is the impossibility of using existing methods of
mechanical and chemical milling or grinding due to the lack of access of the tool to
the processing area due to the peculiarities of the shape of the closed channels and
their location in the part. The analysis of possible methods of processing the closed
surfaces of the blade channels of turbine wheels showed that the use of abrasive
blasting and its variant - blasting opens up prospects for the development of an
effective method of reducing the roughness of closed surfaces of complex turbines,
under the conditions of appropriate adaptation of existing methods of abrasive
blasting, establishing patterns of influence processing parameters for the final
surface roughness, improvement of technological equipment, development of the
technological process and its introduction into production.

In the process of developing an effective method for reducing the roughness
of closed surfaces of complex turbines, a number of important problems were
solved:

- a comparative analysis of existing and possible methods of processing the
working surfaces of blades and parts of a similar type was performed, on the basis
of which the method of abrasive jet finishing of the working surfaces of closed type
blades (with a bandage) was determined and substantiated as the most effective;

- developed a methodology for assessing the roughness of closed surfaces of

turbine blades with a complex profile;
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- simulation of the process of abrasive blasting using the finite element method
was carried out, which made it possible to investigate the regularities of processing
in more detail, to identify key factors affecting the final result, and on their basis to
choose the most effective processing parameters;

- experimental studies of the effect of abrasive material on witness samples
were carried out to confirm the effectiveness of the selected processing modes and
type of abrasive material;

- technological equipment was upgraded, which made it possible to make the
process of processing complex profiled closed surfaces of turbine blades more
effective and controlled.

Thus, the actual scientific and practical problem of ensuring the necessary
level of roughness of closed surfaces of the turbine in accordance with the
requirements of the design documentation was solved in the dissertation work, by
developing an effective technology of abrasive blasting.

Key words: additive technologies, turbopump unit, closed type turbine
blades, SLM technologies, abrasive jet processing, complex profile surfaces,

roughness, modeling of the processing process.
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