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MeniTomoJIbCHKHH JIep>KaBHUN TearoriaHii YHIBEPCUTET
iMeHi bormana XMeIpHUIBKOTO

PO3POBKA TEXHOJIOI'TI MPOEKTYBAHHSA TA BUTOTOBJEHHS POBOUYNX
KOJIIC TYPBOKOMIIPECOPA

3anpononosano memoouxy ¢hopmyeanHs KOMN IOMEPHOI 2eOMempPUUHOi Mooei pooo402o
koneca mypboxkomnpecopa. Texuonozia nepedbauac 6ucomosieHHs: poOouo20 Kojaeca Ha
n'AMUKOOPOUHAMHOMY — 6epcmami ma 3abe3neuye MOYHICMb 0OpPOOKU NOBEPXOHL, WO
3a00801IbHAE YMOBAM eKchiyamayii mypooxomnpecopa. 3anponoHO8ano Cnocib noninuieHHs
OUHAMIYHUX AKOCMEU MINCIONAMKOB8020 KAHANYy pob0Y020 Kojaecd 3a PAxXyHOK Onmumizayii
epaghika 3minu niow U020 HOPMAILHUX nepepizie. Ilnowi HOpMATLHUX nepepi3ie CKOPe208aHO
WLTLAXOM 3MIHU hopMU MBIPHUX JITHIU MAMOYUHU MA KPUWIKU.

Knwouosi cnosa: ceomempuune Mmoo0eno8amHs, Komn'romepHe MOOen08aHHs, poboue
Koneco mypbokomnpecopa, mexHon02is NpoeKmy8ants, niouwji HOpMAIbHUX nepepizie 10namKu.

A.B. HAWJIBIIIL, J1.B. CLIMPHHIIEB, M.B. JIASAPEHKO

MenuTonoabCKuid rocy1apCTBEHHbIN Me1arorn4eCKuil YyHUBEPCUTET
nMenu bornana XMeIbHUAIIKOTO

PA3PABOTKA TEXHOJIOI'MU TPOEKTUPOBAHUA U U3I'OTOBJIEHUA
PABOYUX KOJIEC TYPBOKOMIIPECCOPA

Ilpeonosicena memoouxka Gopmuposanus KOMNbIOMEPHOU 2eoMempudeckol Mooeu
pabouezo Koneca mypboxomnpeccopa. Texnonocus npedycmampusaem uzeomosienue pabouezo
Koleca HA  NAMUKOOPOUHAMHOM  CMAHKe U  obecneuusaem MOYHOCMb — 0OpAOOMKU
noeepxHocmeltl, y008iemeopsiowell Ycilosuam KCniyamayuu mypboxomnpeccopa. Ilpeonoicen
Cnocob yayuuieHuss OUHAMUYECKUX KAYeCme MedNCIONAmOYHo20 KAaHala pabouezo Koneca 3d
cuem onmumusayuu 2papura usMeHeHus niowaoel e20 HOPMAnbHLIX cedenull. Ilniowaou
HOPMAJIbHBIX CEeYeHUll CKOPPEeKMUPOBAHbl NymeM USMEeHeHUs (opMbl 00pa3yiowux JTuHUL
CMynuybl U KPbIUKU.

Knrouegvie cnosa: komnvromepHnoe mooenuposarue, pabouee Koieco mypookomnpeccopa,
MEXHON02USL  NPOEKMUPOBAHUSL, 2eOMEemPU4ecKoe MoOeIuposanue, niouaou HOPMAIbHbIX
ceveHutl 10namKu.

A. NAIDYSH, D. SPIRINTSEV, M. LAZARENKO
Melitopol State Pedagogical University
the name of Bogdan Khmelnitsky

DEVELOPMENT OF TECHNOLOGY OF DESIGNING AND MANUFACTURING OF
TURBOKOMPRESORA WORKING WHEELS

In this paper, we propose a technique for forming a computer geometric model of a
turbocharger impeller with predefined geometric characteristics developed for the use in the
department of the chief designer of limited liability company Melitopol Plant of Turbochargers.
This will allow creating geometric models of products that are limited by complex functional
surfaces.

The method is based on the use of the method developed by us, which allows improving
the dynamic qualities of the interblade channel by optimizing the schedule for changing the
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areas of the normal cross sections of the interlop channel. The cross-sections have been
corrected by changing the shape of the generating lines of the turbocharger cover and the
impeller hub.

The functional surface of the blade of the wheel is formed on the basis of the frame, the
linear elements of which according to the working drawings are given by an ordered array of
points. Providing a second order of smoothness and monotonous variation of differential
geometric characteristics along the lines forming the surface skeleton prevents the occurrence of
secondary flows within the interlop channel and contributes to the laminar nature of the flow
around the blade surface by the medium.

The technology for processing the functional surfaces of the impeller on a Computer
Numerical Controlled Lathe machine has been developed. The initial data for the development of
the control program is the generated geometric model of the product. The technology provides
for the manufacture of the impeller on a five-axis machine and ensures the accuracy of the
surface treatment that satisfies the operating conditions of the turbocharger. The impeller part
obtained as a result of machining on a Computer Numerical Controlled Lathe machine is used
as input data to create a "reverse” model and a mold for making impellers. As a result of the
studies proposed in the work, the turbocharger output increased by 6.9%.

Keywords: computer simulation, turbocharger impeller, design technology, geometrical
modeling, areas of normal sections of the blade, Computer Numerical Controlled Lathe
Machine.

IMocTanoBka nmpodJiemn

Komm'roTepHe MomenmoBaHHS € TOTYXKHHUM 1HCTPYMEHTOM pPO3B’s3aHHSI 0aratbox
HAyKOBO-BUPOOHWYMX 3a7ad. O/HI€I0 3 TaKUX 3a7a4 € MPOCKTYBaHHS BUPOOiB, (hyHKIIOHAIEHE
MIPU3HAYCHHS SIKMX — B3a€EMOJIISl 3 CEPEIOBHINEM: TTOBEPXOHbB, 110 OOMEXKYIOTh KOPIYCHI BUpOOH
aBia-, aBTOMOOUTe-, CyIHOOYAyBaHHS, JOMATOK TypOiH 1 3MillyBadiB, KaHAIIB ABUTYHIB
BHYTPIIITHBOTO 3rOPSIHHSI, pOOOYMX OPTaHiB CLIHCHKOTOCIIOAAPCHKUX MAIIHH Ta iH. [5].

AHaJi3 0CTaHHIX J0CHiTKeHb i myOJaikanii

3amady  BHWTOTOBJICHHS  BHpPOOIB, OOMEXEHMX CKIQAHUMH  (DYHKI[IOHAIBHUMH
MOBEPXHSIMH, 3 BHUCOKOIO TOYHICTIO PO3B’SI3yIOTh TEXHOJOTIi, SKi BUMAaralOTh BUKOPHCTaHHS
BEpCTaTiB 3 4YMCIOBUM mporpamuuM yrpasmiaaaMm (UITY) [4]. OOGoB'sI3k0oBUM eTamoM Takoi
TEXHOJIOT1] € CTBOPEHHSI TPUBUMIPHOI KOMITIOTEpHOI Mojeni BUpoOy 3 Bukopuctanasm CAD-
MaKeTy.

[Iporiec MojentoBaHHS MOBEpPXHI, IO OOMEXYye TEXHIUHUH BUpiO, BKIIOYAE€ HACTYIIHI
eTarnu:
— Ha OCHOBI BXIIHOTO MAacHBY TOYOK (POPMYETHCS AUCKPETHUH JIIHIMUATHN KapKac MOBEPXHI,

JHINAHI €IEMEHTH SIKOTO MPEACTABICHO YIOPSAKOBAHUMH TOYKOBUMH PSAAMH;
— (opMyrOThCs Oe3mepepBHi 00BOJIH, 1110 IHTEPIIOIIOIOTH TOUYKOBI PSIIH;
— Ha OCHOBI OTPHMAHOTO JiHIHYaTOTr0 KapKacy CTBOPIOETHCS MOJIENb TOBEPXHI BUPOOY;
— KOMIT'IOTEpHA MOJIelb BUKOPHUCTOBYETHCS B SKOCTI BHMXIJHUX JaHUX M pO3pOOKHU
YOpaBIsi04u0i mporpamu 1o oopooii Bupody Ha Bepctati 3 UITY.

dopMyBaHHS KOMIT FOTEPHUX MOJCIICH IMOBEPXOHb 3 MPH3HAYCHUMH T'€OMETPUIHUMU
XapaKTEPUCTUKAMHK Ta CTBOPCHHS 13 3aJIaHOI0 TOYHICTIO TPAEKTOPIA iX OOpPOOKH PiXKydUM
IHCTpyMEHTOM — KIIIOYOBI 3a1adi TpU PO3pOOI[ TEXHOJOTii BHUTOTOBICHHS BHUPOOIB,
(byHKIIIOHATbHE TPU3HAYEHHS TKUX — B3a€EMO/IISI 3 CEPEIOBUIIIEM.

Merta npociigxeHHst

Po3po0uTi TEXHOJIOTiI0 BUTOTOBICHHA POOOYMX KOJIC i CTBOPEHHS 3aMKHYTOTO
LMKy  BUpOOHMITBa  TypOokommpecopiB Ha  TOB  "Menitononbebkuit  3aBoj
Typ6okommpecopis".
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BukiageHHs 0CHOBHOT'O MaTepiary 10CTiTsKeHHSs

[Ipu mpoekTyBaHHI MOBEPXOHb, IO OOMEXKYIOTh MIKIIONATKOBHM KaHal, HEOOXiIHO
3a0e3MeYnTH BUKOHAHHS HACTYTHUX BUMOT [1, 5]:
— TUIONIA Mepepi3iB y3I0BXK KaHATy MOHOTOHHO 3MIHIOETHCS,
— i 4ac pyXy HOTOKY THCK ra3y y MIXKJIOIIATKOBOMY KaHaJIl IJIaBHO 3pOCTAE;
— HaIpsiM MOTOKY 3MIHIOETHCS 3 OCbOBOTO (Ha BXO/I1) HA pajiadbHUil (Ha BUXO1 3 KaHATY).

Ha puc.l, 6 mokazano rpadik 3MiHM KPUBHHHU Y3J0BXK TOPHU3OHTAJIHHOTO MEPETHHY,
chopmoBaHoro B-crutaiiHOM, IO 1HTEpHOJIOE OTPUMAHMN TOYKOBUH psan; Ha puc. 1, a

MpeaCcTaBieHO rpadik 3MIHM KPUBHHHU Y3I0BXK MEPETHHY, CHOPMOBAHOTO IHCTPYMEHTaMH
SolidWorks.

Chopmoeana
HOGepXH

Kaprac
NO8epxHi

a) 0) B)

Puc. 1. ®opMmyBaHHs1 KapKacy JONaTKH po00o40ro KoJeca.

[Iporniec mMojenoBaHHS MOBEPXHI, 0 OOMEXye TEXHIYHMHA BHpIO, BKIIOYAE HACTYIHI
eTanm:
— Ha OCHOBI BXIJIHOTO MAacCHBY TOYOK (hOPMYETHCA AUCKPETHUH JIIHIMYATHN KapKac MOBEPXHI,
JiHIMHI €JIEMEHTH SKOTO MPEICTABICHO YIOPIIKOBAHUMHU TOUKOBUMH PAIAMU;

— dopmyroTbes Oe3nepepBHi
00BOJM, IO IHTEPHOIIOIOTH TOYKOBI
psiny;

— Ha OCHOBI OTPUMAaHOI0

JIHIMYATOro KapKacy CTBOPIOETHCS
MO/IENTb IOBEPXHI BUPOOY;
— KOMIT IOTE€pHA MOJEIb
BUKOPUCTOBYETHCS B SKOCTI
BUXITHUX JaHUX IS pO3pOOKH
yIpaBIIsgiouoi mporpamMu mo o0pooOii
BUpoOy Ha Bepcrati 3 UITY.

Ha ocHoBi Kkapkacy, 110

CKJIANAEThCA 3 22 TOPU3OHTANBHUX Py, 2. ['eoMeTpHIHA MOEIb POOOUOro KoJleca

nepepi3iB Ta JBOX IPOCTOPOBUX TypGoKkoMIpecopa.
HamnpsMHUX  KPUBUX, B  TAKeTi

SolidWorks cdopmoBaHO MOBEpXHIO
Jonartku (puc. 2).
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Mogens pobodoro koisieca po3durta Ha CKiaagoBi dacTuHH (puc. 3): MarouuHy, 00ifm i
normatku. PO30UTTS BUKOHYETHCS METOJOM CTBOPEHHs miapiB. KoxXHUU 1map MICTHTH OAHY i3
CKJIAJIOBUX YaCTHH KOJIECa, 1110 J03BOJISIE TEHEPYBATH OKPEMi YaCTUHU TPAEKTOPIi OOPOOKH.

Puc. 3. CkaanoBi yacTunu po6o4yoro koJjeca.

[licns BuOopy QopmH 3aroToBKH, Cepel TPACKTOPiid, sSKi 3ampOIIOHOBAaHI B CHCTEMi
PowerMill, anst yopHOBOi 00poOKHM 00paHo TpaekTopito "BbiOOpka 3Dmonenu". 3reHepoBaHy
TPAEKTOPII0 YOPHOBOI Ta YUCTOBOI OOPOOKH MpeICTaBICHO Ha pHC. 4.

EmO-N=.C

Puc. 4. TpaexkTopii 4opHOBOI Ta YHCTOBOI 00POOKH 3arOTOBKH.

3a mgomomoror Moxyss ViewMill mpoBeneHo Bizyamizaimito YOpPHOBOI Ta YHCTOBOL
00po0OokK (puc. 5).

[Ticns BUroTOBJIEHHS POOOYOTO KoJieca OyJio BMKOHAHO 30ipKy TypOOKoMmmpecopa Ta
MIPOBEICHO KOT0 BUITPOOYBAaHHS HA CTEHI TUIY "3aMKHYTHI KOHTYp".
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Poboye koneco, oTpumMmaHe y pesynerari
obpobku Ha eepcTari 3 UMY DMUS0v

Puc. 5. Bizyaqizauisi 00po0ku.

30UIBIIUTH  MPOJYKTUBHICT  TypOOKOMIIpecopa MOKHA  IIJISIXOM ~ 3MEHILECHHS
€HePreTUYHUX BTPAT BCEPEAMHI MIKIIONIATKOBOTO KaHAITy poO0YOro Kojeca.

JluHaMi4HI SKOCTI MIXKJIOTIATKOBOTO KaHAITy MOXHA TMOJIMIIUTH 32 PaXyHOK OMTHUMi3allil
rpadika 3MiHU IUION] HOPMAJIBHUX MTEPETUHIB.

dopmMmyBaHHs ciMeiicTBa HOpMaJbHUX NEepepi3iB MIKJIOMNATKOBOIO KaHAJy BUKOHAHO 32
TaKUMU €TallaMH:

—  MOJEIIOBaHHS IMPOCTOPOBOI OCHOBOT JIiHIT KaHAITY;
—  CTBOpEHHS CiMEHCTBa HOPMAJIbHUX CIYHUX TUIOIINH;
—  (opMmyBaHHs IEPETUHIB IOBEPXOHb, 1[0 0OMEXYIOTh KaHaJl, HOPMaJIbHUMHU IUIOIIMHAMM.

Bxiguumu nanumu 11 GopMyBaHHSL OCBOBOI JIiHIT KaHAIy € JiHil TOKY, IO MPOXOISTh
yepe3 MEHTPU TSHKIHHSA BXIAHOTO 1 BUXiAHOTO TiepepisiB. JIiHIT TOKy OoTpuMaHi B pe3yJbTaTi
BUKOHAHHS Ta30IMHAMIYHOTO aHali3y MOTOKY B MIKJIONATKOBOMY KaHalli 3a JJOTIOMOTOI0 MOJTYJIst
SolidWorks Flow Simulation.

ToukoBui psifi, IO 33a7a€ OCHOBY JIIHIIO, CKIAJAETHCSA 3 9 By3IiB, PIBHOBIIAJICHUX Bij
BUXIIHUX JIiHIH TOKY (pHcC. 6).

VY pesynbtari 3rymenns Buxigaoi JIIK oTpuMaHo TOUKOBH psifl, IO CKIAAAETHCSA 3 72
BY3JIiB, HA OCHOBI SIKOro c(opMoBaHa MPOCTOPOBA OChOBA JIHISA 3 3aKOHOMIPHOIO 3MIiHOIO
KPUBHHHU Ta CKpyTy [2—3].

CchopmoBano 7 HOpMaTbHUX Nepepi3iB KaHATy, PIBHOMIPHO PO3MOIUICHUX Y3I0BXK
0CBOBOT JIiHIi.

I'padik 3MiHN TUTONT HOPMAJIBPHUX TIEPEPi3iB MOKa3aB (puUC. 7), M0 B IEHTPAIbHINA YaCTHHI
KaHaJy IUIOMI Tepepis3iB 30unbLIytoThes. [l 3a0e3nedeHHss MOHOTOHHOI 3MIHH TUIONI Oyso
npoBeeHo KoperyBaHHA ¢opmu mepepiziB 3, 4 1 5 [3]. [lnomi mepepi3iB BigkoperosaHi 3a
paxyHOK 3MiHU (OPMU TBIPHUX JIiHIH KPUIIKU TypOOKOMIIpecopa i MaTOYMHHU poOoYoro Koeca.

72



ITPHKTAJHI THTAHHA
MATEMATHYHOI O MOJIETIOBAHHA, Nel, 2018p.

ITPUKIIA/THA TEOMETPIA TA
KOMITKOTEPHI TEXHOJIOTII

Bxionuii nepemun
MENCIONAMKOSR20 KAHATY

[ickpentne npedemasiena
GCLOSa TIHIA Kanaiy

Jinil moxy, wpo npoxodanis
KPIst YeHmp Mac 2Panis s
nepemunie Kanay

A

Buxignuti nepenun
MNCAONAMBEOB020 KAHATY

Puc. 6. Bxigni namni.

3akoHOMIpHA 3MiHa
KPUBHHU Y3[I0BX TBIpHHX JIiHIH
MaTOYMHHM Ta KPHUIIKH 3amodirae
BUHUKHEHHIO BTOPUHHUX
IIOTOKIB BCepeauHi
MDKJIONATKOBOTO KaHAIY.

Ha ocHOBI oTrpuManmx
NOBEpXOHb  Oyla  cTBOpeHa
ONTHUMI30BaHa MOJIEIb POOOUYOTO
koneca. Kepyroua nporpama s
00poOKH OTNITUMI30BaHOTO
poboyoro kosieca Ha BepcTati 3
UITY po3pobieHa aHaJIOTIvYHO 3a
METOAMKOIO,  ONHCAHOK  JUIA
BHXIJTHOTO POOOYOro KoJjieca.

[Ticns BUTOTOBJICHHS
ONTHUMi30BaHOTO poboyoro
Koieca Ha Bepcrari 3 UIIY i
BUIPOOYBaHHI TypOOKOMITpEcopa
TUCK TIOTOKY Ha BHUXOJII CKJaB
1,73 arm. (y mopiBHsHHI 3 1.67
atmMocepu). Takum  YUHOM,

MPOIYKTHBHICT TypOOKOMIIpecopa, B SIKOMY BCTAaHOBJICHO ONTHUMI30BaHE poOoOUYe KOJeco, B
MOPIBHSIHHI 3 MPOTOTUINIOM 30imbimiacs Ha 0,06 aT™., 1m0 cTaHOBUTH 6,9%.
3aKTI0OYHUM €TaIroM PO3pOOKH TEXHOJIOT1i BUTOTOBJICHHS POOOYHX KOJIC € BUTOTOBJICHHS

fioro nmuBapHoi Hopmm.

JTiivis e Rosepcil A (36iavu.)
EPHLE L ?.l.r.‘.'riwm i
8 ane’ 4 - .+'--.\
145 [ 144,06 143.15 3 cl:%lfl (015 wu
141,89 ',
140 142.85 Brixichia mraipic
) / 5 Se=141,89 un®

135 _i) III'I. Jiwein mg noaepxni

130 MO i

125 PezynkTar KoperyeaHHA

123,28
120

].I:: 1 L Il L 1 L

355 7.1 10,65 142 17,75 213

== Brxigunil rpadix niom HopMATEHIK NEPeTHHIE KaHATY
~*-[padix mIoU HOPMATEHIIX NEPETHHIB MCIA OMTIMI3AIT

{,

Puc. 7. I'pagik 3MiHu njiom HOpMAJIbHUX NepepisiB.

BucnoBxu

3anmponoHOBaHO METOUKY (OPMYBAHHS KOMITFOTEPHOI T€OMETPUYHOI MOAEI poOOYOoro
KoJjieca TypOokomIipecopa. OyHKIIOHATbFHA TOBEPXHS JIOMATKU Kojieca chopMoBaHA HA OCHOBI
KapKacy, JiHIiHI eJleMEeHTH SKOTrO 3TiTHO 3 POOOYMM KpECICHHSAM 3a/aHi YHOPSIKOBAaHHM
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MacHBOM TOYOK. 3a0e3MledeHHs JApyroro TMOpSAKY TJAAKOCTI 1 MOHOTOHHOI 3MIHU
TQepeHIIfHO-TeOMETPUYHUX XapaKTEPUCTUK Y3JIOBXK JIiHiH, 10 YyTBOPIOIOTH KapKac MOBEPXHi,
CIIpHUsi€ JIAMIHAPHOMY XapakTepy OOTIKaHHS IOBEPXHI JIOMATKU CEpPeOBHUIIEM. TeXHOJIOTIs
nependadae BUTOTOBJICHHS poO0OYOro Kojieca Ha M'SITUKOOPAMHATHOMY BEpCTaTi Ta 3a0e3nedye
TOYHICTh OOpOOKM TOBEPXOHB, IO 3aJO0BOJILHSE YMOBaM eKCIUTyaTallii TypOoKoMmpecopa.
3anporoHOBaHO CIOCIO MOJIMIIESHHS JHHAMIYHUX SKOCTEH MiKIONATKOBOIO KaHalIy poO0dYoro
KoJieca 3a paxyHOK omTuMizamii rpadika 3MiHU TUION] WOTO HOpMajdbHUX mepeTuHiB. [lmomri
HOPMAaJIbHUX TEPETHHIB CKOPErOBaHO INUIIXOM 3MIHM (OpPMH TBIPHUX JiHIM MaTOYMHU Ta
KPUIIKHU. Y pe3ysbTaTi MPOAyKTUBHICTh TypOOKOMITpecopa 30uibImiacek Ha 6,9%.
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