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of the protuberance of the gear-cutting instrument depend on the parameters of the cut surface of
the spline joint

In the general case, the profile modification of a wheel tooth is created by a profile of the
cutter rails, made in the form of two straight sections, each of which forms a corresponding
involute on the wheel tooth: the main section of the rails is the involute of the working profile and
the part of the prominence is an involute of single inside. Therefore, the worm milling cutters are
designed based on the synthesis of the main rail, both for obtaining a rational shape and size of the
allowance for the subsequent finishing of the gear rim, and for creating a profile modification
wheel specified by the drawing.

The profile modification of the teeth of the wheel during the toothing is created by a
modified cutter tooth, made in the form of two involute sections with different profile angles of the
initial contour. The contact of the cutting edges with the processed tooth profile is carried out along
three pairs of engagement lines that intersect at the pole. The section of the cutter profile - the main
involute and evolutive of the prominence - is formed on the wheel tooth, respectively, involute
sections - of the working profile and lower inside. Technological methods for processing large-
sized elements of spline joints by introducing advanced gear processing schemes and improved
tools provide improved performance, accuracy and quality due to connections with modification of
a gear cutting tool of a worm milling cutter for shafts and a gear cutting cutter for twisting shaft.

Keywords: technological means, pretreatment, large-sized involute spline joints, bushings,
shafts, modification of a gear-cutting tool, trough of teeth, accuracy, quality, performance.
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KOMIIOHYBAHHSA MOBIVIBHUX BEPCTATIB U151 PEMOHTY
HEJEMOHTYEMMX JIETAJIENA TA BY3JIIB TYPBOATPETATY

YV cmammi posenamymo 3acanvumuii noxio 0o awanizy i cuHme3zy KOMNOHOBOK
MemanopizanoHux eepcmamie Oisl GUPIUUEHHS AKMYalbHO20 MEXHON02IYH020 3A80AHHS MEXAHIUHOL
00pOOKU HEOEMOHMYEMUX BeNUKO2AOAPUMHUX Oemanell i 8Y3li6 mypboazpeeamis npu ix pemoHmi.
Aepecamno-moOyIbHUlL  NPUHYUN — CMBOPEHHs  8epCmamié  3ACHOBAHUL  HA — BUKOPUCAHHI
VHiikoeaHux abo HOPpMANI308AHUX (DYHKYIOHANBHO [ KOHCMPYKMUBHO 3AKIHYEHUX 8Y3/1i8 i
aspecamis. Jlanutl nixio 0a€ MOMCIUBICMb GUKOHAMU CUCTNEMAMU3AYI0, MUNI3ayilo KOMNOHOBOK I
VHIiKayito KOHCMPYKYill MOOIIbHO2O NOPMAMUBHO20 MEXHOL02IUHO20 00IAOHANHHS, WO 00380J5€
epexmueHo supiuysamu nocmaegiene mexHoI02iuHe 3a60aHHS.

Knrouoei cnosa: sepcmam, azpecammno-moo0yivHULL NPUHYUN, KOMHOHOBKA, mypboazpezam,
DPEMOHM HeOeMOHMYEMUX Oemanell.

Beryn. AxtyanpHOr0 BHpOOHMYOI 3amadero 3aBoay «TypOoarom» € peMOHT JeTaneil Ta
BY3JiB, SKi €KCIUIyaTyloTh B YKpaiHi Ta 3a KOpAoHOM TypOoarperariB. HemominpHICTh, a iHOMI 1
TEXHIYHA HEMOXJIUBICTh JEMOHTAXY BEJIUKOTa0ApPUTHHUX JeTaIed YHEMOXJIMBIIIOE iX MOTOYHHMA
PEMOHT B yMOBax 3aBojay. Y IIbOMY BHUMAJKy €(PEKTUBHUM 1 €JMHO MOXJIMBUM € BUKOPUCTAHHS
MOOUTHPHOTO TIOPTATUBHOTO TEXHOJIOTIYHOTO OOJaIHAHHS /I MEXaHIYHOT OOpOOKHM BiTHOBJICHHUX 1
MPUETHYBATLHAX ~ TIOBEPXOHb  HEJACMOHTYEMHX  BEJIMKOTa0apuUTHUX  JeTaleid 1  BY3TiB
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TypOoarperaris.

AHaJIi3 0CTaHHIX J0CTiIKeHb i my0Jaikaniii. ArperaTHo-MOAYTbHUI TPHHIIAIT PO3POOKH 1
BUPOOHUIITBA METAIOPI3aIbHUX BEPCTATIB, SKUIl 3aCTOCOBYIOTH B JaHHM 4Yac, 3aCHOBAaHUU Ha
BUKOPHUCTaHHI yHi(pikoBaHMX a00 HOpMaTi30BaHMX (YHKIIIOHATHHO 1 KOHCTPYKTUBHO 3aKiHYCHUX
BY3JIiB 1 MeXaHi3MiB (MOJYIIB), IO BHITYCKAIOThCS a00 BepcTaToOyMiBHUMH (pipMaMu (0OMEKEHO
JUIsl CBOiX MOJICNIe BepcTaTiB), a0 BHUPOOJEHUX CIeliali3oBaHUMHU (pipMaMH, 110 BUITYCKAIOTh
JIOCHTh IIIUPOKUN PSJl PI3HUX BY3JIIB 1 MEXaHI3MIB JIJIs PI3HUX TUIIOPO3MIpIB BepcTariB [2, 3, 4].

MeTo10 1aHOI CTATTI € aHATI3 KOMIIOHYBAJIBLHUX CXEM 1 yHidiKaIlisl KOHCTPYKIIIH BEPCTATIB,
CTBOPEHUX [0 arperaTHO-MOJYJIbHOMY NPHUHIMILY, Ui MEXaHI4HOI OOpOOKM HEIEMOHTYEMHX
BEJIMKOTa0apUTHHUX JIETAJICH 1 BY3JIiB TypOOarperaria.

JI10 TEeXHOJIOTiYHOr0 MeTaopi3ajbHOro 00JaJHAHHS, CTBOPIOBAHOMY HAa OCHOBI
NPUHIUILY arperaTyBaHHs, IOBHOIO MIpOI0 CTOCY€ThCS BHU3HAYEHHS «yHIKajdbHE OO0JIaTHAHHS»,
OCKUTBKM TPAKTHYHO KOKHA TakKa BEpCTaTHA CHUCTEMa HE Ma€ MOBHHUX aHAJIOTiB. bararopiuna
MIPaKTUKa CTBOPEHHS 1 €KCILTyaTallii BepCTaTiB arperaTHo-MOAyJIbHOI CTPYKTYPH IMOCTIIHO BKa3ye
Ha Te, 110 MPaBUILHUI BHOIp 1 parfioHa’dpHa MO0y 0Ba KOMIIOHOBKH 3/IHCHIOE BEIMKHIA BILTUB HA
X SIKICTb.

VY Oaratbox BWIIQJKaxX CTBOPEHHS CIEIiaIbHUX 1 YHIBEPCAJbHUX BEPCTATiB IE BIUTUB
BUSBIIIETHCS BUPIIIANBFHUM. BIUIMB KOMIOHYBaHHS Ha SIKICTh BepCTaTa MPOSIBISIETHCSA 3a JBOMA
HanpsiMkamu. [lo-mepie, 4epe3 CTpPyKTypy, NpaBWIbHUN BUOIp fAKOi 3abe3mnedye HEOOXiTHY
yHIBEpCaJbHICTh a00 cremiaii3amiio 1 BiIMOBIAHICTG PALY TEXHOJOTIYHUX 1 iHImMX BUMOT. [lo-
apyre, d4epe3 BHUOIp palliOHATBHUX KOHCTPYKTOPCHKHMX PpIlI€Hb, PO3MIPHHUX MPOMOPINHA 1
po3TallyBaHHs BY3JIIB B MPOCTOPI, YUM 3a0€3MEUYyIOThCSI BUCOKI TEXHIKO-€KOHOMIUHI MOKa3HUKH
SIKOCTI.

3HaYHUM BHECKOM Y PO3BUTOK TEOpii KOMIIOHOBOK METAlOpi3alibHUX BEPCTATiB € poboTa
1O. 1. Bparosa [1]. Bin 3anpornoHyBaB IpeCTaBISITH KOMIIOHOBKY BepCTaTa sIK CTPYKTYpPY OJIOKIB:
OJIHOT'O CTAIlIOHAPHOTO Ta KUIBKOX PYXOMHX, PO3IUICHUX JIHIHHUMHA a00 KPYTrOBUMH HAIIPSIMHHUMH.
[ToHATTS GJIOKOBOI CTPYKTYPH BepcTaTa i crocodu criorydeHHs OJIOKIB JJO3BOJISIE TIO3HAYATH OY/b-
SKY KOMIIOHOBKY 32 JIOTIOMOT00 CTPYKTYpHHX (opMyit. i onucy mpocTOPOBOTO KOMITIOHYBAHHS 1
MOJKJIMBOCTI BUKOPHCTaHHS MaTEMAaTUYHOTO arapary B CTPYKTYPHHUX (OpMyiIax BUKOPUCTOBYIOTH
cHcTeMy MO3Ha4eHb Ocel KOOpJMHAT, 1o BianoBigae pekomenaauiaM ICO. CtpyktypHa dopmyia
KOMITOHYBaHHSI - II€ TEBHA IMOCIIAOBHICTh CHMBOJIB, IO IMMO3HAYa€ OJIOKM KOMIIOHYBaHHS, sKa
PO3KPUBAE KOOPAMHATHY MPHUHAIEKHICTh 1 crocid cnoiydeHHsa OnokiB. Ilpuknaanm cTpyKTypHUX
(hopmyn KOMITOHOBOK BEPCTATIB MPUBE/IEH] B Ta0uII 1.

CrpykTypHi (QOpPMYIM MOXYTh MaTH Di3HI CTYNEHI YTOUHEHHs. 3alpolOHOBaHHH crociod
MTO3HAUEHHS! KOMIIOHOBOK BEpCTaTiB CTPYKTYpHUMHU (OpMyiaMH 1 3allpONIOHOBAHUM Ha iX OCHOBI
METOJl CTPYKTypHOTo aHaii3y n03BonuB lO. /I. BparoBy 10ckoHaIbHO pO3MISHYTH OCOOIMBOCTI Ta
MPUHLIMIIN TOOYT0BM KOMIIOHOBOK OararoornepariiiiHixX BepcTariB.

OueBUIHO MaHMM MiAXiJT MOXJIMBO 3aCTOCYBAaTH JIi CTPYKTYPHOIO aHaji3y 1 CHHTE3y
KOMIIOHOBOK METAJIOpi3aJIbHOTO OONagHaHHS Ui PEMOHTY HEIEMOHTYEMHX BEIMKOTabapUTHUX
nertasnei i By3iiB TypooarperariB. OCOOMUBICTIO TAKMX BEPCTATIB € MOOUIbHICTh a00 MOXKIIUBICTD 1X
BUKOPHCTAHHS 33 MICIIEM CITy)KOW MallliHU, SIKY PEMOHTYIOTh, @ TAKOX T€, 110 POJIb CTAI[IOHAPHOTO
070Ky (CTaHWHH) BepcTaTa MOXKe BUKOHATH cama JIeTallb, 1110 BiTHOBIIOETHCS.

AHamii3 TUMaxy 1 TEXHIKO-TEXHOJOTIYHHUX XapaKTEePUCTUK CYYaCHHUX CHJIOBHUX AarperariB
JI03BOJIIE 3pOOMTH BUCHOBOK, SIK MPO PI3HOMAHITTA BHOOpPY YHi(iKOBaHOI €l1eMEHTHOI 0a3u Juis
CTBOPEHHSI BEpPCTaTIB 1 CHCTEM arperaTHO-MOJYJIbHOI KOHCTPYKIi, Tak 1 MpO MEPCHEKTUBHICTh
JAHOTO TEXHOJIOT1YHOTO 00JIaIHAHHS.

Huxue HaBeneH1 NpUKIIaan peani3oBaHux Ha 3aBojl «Typ6oaTtoM» KOMIOHOBOK MOO1JIBHOTO
MOPTAaTUBHOTO TEXHOJIOTIYHOTO OOJaJHaHHS Ui MEXaHiuHOI OOpOOKH, BiTHOBIEHUX 1
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MIPUETHYBALHUX TOBEPXOHb HEAEMOHTYEMUX BEITMKOrabapuTHHUX JeTaliel 1 By3JiB TypOoarperaris.

Tabmuns 1 — I[lpuknaau cTpyKTypHUX (GOPMYI KOMIIOHOBOK BEPCTATIB

Bepcrat CTPYKTYpHa dopmyra MIOSICHEHHS
Beprukanpauit X -crin, Y - canasku, Z - KOHCOJIb,
KOHCOJIBHO- A IIpo -craHnHA, BEpTUKAIBHUI
(bpesepHuit XYZ0 CV 10100070501 (53)13
Toxapuuit 3 - mmuHAeab, O - cTaHuHA, Z -
cozxbwd MO37I0BXKHIN CynopT, X - MOMepeyHi

caHyara, b - MoBOpoTHi candara, W
- 3aHs 6abka, d - moBopoTHA

pizneTpumay
3ybonoBOanbHuUil DV - noBOpOTHHIA CTiJL, U - pyX
D, u0X-C/Z Bpisanms, O - cranuHa, X -
v v

TOpU30HTANILHE MEPEMILIICHHS
(HaJIaroKyBajgbHE) TOJIOBKU
HITTUHJIEIS, IITOCCEIb 3
00epTAIBHUM 1 MOCTYMATbHUM

pyxom

Ha puc. 1 npuBeseHa KOMIIOHOBKA TIOPTaTHBHOTO PO3TOYYBAIIBHOTO BEpCTaTa JUIsl CHIBHOT
00po6ku 9 ocroBHX OTBOPIB 3 D128 MM 10 P144H7 MM y pranieBoMy 3'€JHAHHI Bally TeHeparopa
1 Bairy TypOinu rigpoarperary CpenTHbOIHIIPOBCKOI T'1IPOEIEKTPOCTAHIIII.

Jlo ckmany BupoOy BXOAATH: MalllMHAa PO3TOYYBajbHA; MalllMHA IHEBMAaTW4Ha (MPUBiA);
MiJCTaBKa JUIsi yCTAHOBKHM MAIWH; JETali KPITUIGHHS ITiICTAaBKH, MAalIUH 1 HaJaro[KCHHS
MPUCTOCYBAHHS; 3alIaCHUX JETaJIC KOMIUIEKTY.

Ha puc. 2 nokasana KOMIOHOBKAa MOPTaTUBHOTO Apwilst Ais oOpoOku orBopiB D30H7 B
HUTIHPI 1 Kopiryci pobodoro koneca Jlapmk ['EC (Ingis).

Ha puc. 3 HaBeneHo mpukiaa peadizoBaHUX KOMIIOHYBaHb MOOUIBHOTO TMOPTATHBHOTO
Bepcrara i ¢pe3epyBaHHS Ma3a MiJ LIHYp YIIUIbHIOBaYa B HMXKHBOMY KiJIbIl HaIpaBJIsIFOUOrO
anapary rinporyp6iau Kpemenuyupkoi 'EC. Mob6inpHUM BepcTaT CKIATaEThCS 3 Onopu, Gppe3epHoi
TOJIOBKH, 1110 BKJIIOUA€ B cebe MPUCTPiil BEpTUKAIBHOT Mojadi, MEXaHI3My TOPU30HTAIbHOI Mojadi 1
MPUBOAY TOpU30HTaIbHOI monaui. Ilepen oOGpoOkoro, BepcTar omoporo 1mo3. | BCTaHOBIIOETHCA
LEHTPYBaJbHUMHU BUCTYHamMH B oTBOpH D280A, LEHTpYyeThCs, OO0 OCI Ma3a, sIKUil Gppe3epyroTh,
PO3MIYEHINH Ha HIXKHbOMY KIJIbI[I HAIPaBJISIIOUOTO arapary, 1 3aKpIrItoeThCs.
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Pucynox 2 — KomnonyBanast OZCv MOOITEHOTO JPUIIS
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(&)

Pucynok 3 — KomnonyBanusa OXZCv MOO1IBHOTO TOPTATUBHOTO (Ppe3epHOro BEpCTaTy
BUCHOBKHA

AKTyanbHOIO 3aJMIIAE€THCSA 3ajJada CUCTeMaTH3allii KOMIOHOBOK HOBOCTBOPIOBAHOI'O
MOOUJIBHOTO TOPTATUBHOI'O TEXHOJIOTIYHOIO 00JIaJHAHHSI, CTBOPIOBAHOI'O 33 arperaTHO-MO1YJIbHUM
NPUHIUIIOM, 3 METOI0 THUIMi3alii KOMIOHYBJIBHUX CXE€M 1 MOJanbIol yHidikaiii KOHCTPYKIIH
BEPCTATIB JJIs MEXaHI4HOI OOpOOKM BEIMKOrabapUTHHX JeTajied, SIKi HEeIEMOHTYIOTh 1 BY3JIIB
Typboarperaris.
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IMepmsakos A. A., Mienko M. I'., Kupkau A. b., leneses /. K.

O KOMIIOHOBKE MOBWIbHBIX CTAHKOB JJI51 PEMOHTA
HEJEMOHTHUPYEMBIX JETAJIEU U Y3J10B TYPBOAI'PET'ATOB

B cmamve paccmompen obwuii noxoo Kk anaiuzy u CuHmesy KOMNOHOBOK MemAaiOPeNCyUux
CMAaHKo8 OJisl peuleHuss aKmyaibHOU MeXHOL0SUYeCKol 3a0ayu MexaHuyeckou obpabomxu
HeOeMOHMUPYEeMbIX KPYNHO2abapumuwlx Oemaneil u y3loe mypboazpecamosd npu ux pemoHme.
Aepecamno-mMoOyIbHbII  NPUHYUN — CO30AHUSL  CMAHKO8  OCHOBAH  HA  UCHOJb308AHUU
VHUDUYUPOBAHHBIX UTU HOPMATUZOBAHHBIX (DYHKYUOHATLHO U KOHCMPYKMUBHO 3AKOHYEHHBIX V3108
u acpecamos. JlauHvlili N0X00 Oaem B03MONCHOCMb BbINOIHUMb CUCMEMAMU3AYUIO, MUNUIAYUIO
KOMNOHOBOK U VHUPDUKAYUIO KOHCMPYKYULL MOOUTbHO20 NOPMAMUBHO20 MEXHONI0SULECKO20
000pY008aHUs, NO360IAIOUE20 IPDEKMUBHO Peuamb NOCMABIEHHYIO MEeXHOL0SUYECKYI0 3a0ay).

Knroueswie cnosa: cmanok, acpecamno-mo0yibHbulll NPUHYUN, KOMNOHOBKA, mypboazpezam,
DPEMOHM HeOeMOHMUPYEMbLX Oemalell.

Permyakov A. A., Ishchenko M. G., Kirkach A. B., Shepelev D. K.

COMPONENTS OF MOBILE MACHINES FOR REPAIRING NON-REPAIRED
PARTS AND KNOTS OF TURBO-APPLIANCES

The article describes a general approach to the analysis and synthesis of the configurations
of metal-cutting machine tools for solving the actual technological problem of mechanical
processing of non-dismantled large-sized parts and assemblies of turbine units during their repair.

The actual production task of the Turboatom plant is the repair of parts and assemblies of
turbine units operated in Ukraine and abroad. The inexpediency, and sometimes the technical
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impossibility of dismantling large-sized parts, makes it impossible to make current repairs in the
factory. In this case, it is effective and only possible to use mobile portable technological equipment
for mechanical processing of reconditioned and connecting surfaces of non-dismantled large-sized
parts and units of turbine units. The unit-modular principle of creating machines is based on the
use of standardized units and units. This campaign makes it possible to carry out systematization,
typing of layouts and unification of the structures of mobile portable technological equipment,
allowing to effectively solve the set technological problem. The definition of «unique equipmenty is
fully applicable to technological metal-cutting equipment created on the basis of the principle of
aggregation, since almost every such machine tool system has no complete analogues. The long-
term practice of creating and operating machines of an aggregate-modular structure constantly
indicates that the right choice and a rational layout design have a great influence on their quality.
In many cases, the creation of special and universal machines, this influence is decisive. The
influence of the layout on the quality of the machine is manifested in two ways. First, through the
structure, the correct choice of which provides the necessary universality or specialization and
compliance with a number of technological and other requirements. Secondly, through the choice of
rational design performances, dimensional proportions and the location of nodes in space, which
ensures high technical and economic quality indicators.

Keywords: machine tool, aggregate-modular principle, layout, turbine unit, repair of non-
dismantled parts.
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INPUMYCOBE IEPEHECEHHA EJIEKTPOJHOI'O METAJLY ITPU
3BAPIOBAHI B CEPEJJOBHUIII BYTVIEKHUCJIOI'O I'A3Y

AxmyanvHicms pobomu nonsieae 8 momy, wo npu 36apr6aAHHI 8 cepedosUlyi 8Y2lIeKUCI020
2asy 00UH 3 20JI06HUX HeOOJIKI8 nidsuujere po3OPU3KYEAHHS eleKMPOOHO20 Memay GHACIIO0K
KOPOMKUX 3aMUKAHbL KpAnien 0y208020 NPOMINCKY, MOMY OOCHIONCEHHS NPUMYCOB020
nepeHeceHHs eleKmMpPOOH020 Memany NpuU 368aAPIOGAHHI 6 cepedosulyi BY2lleKUCI020 2a3y €
AKMYanIbHUM.

Hocsenenns 3meHwienHs po30puU3Ky6aHHs Memany Npu 36ApIOBaAHHI 8 cepedosuui
8Y2/IEKUCNI020 2A3) BUKOHYEMbCA 34 PAXYHOK NPUMYCOB020 NepeHeCeHHs OPIOHUX Kpaneib pioKo2o
memany.

Hocnioumu npoyec 83aemo0ii KOIUBAHbL HA MOPYI eleKmpooa 3 Kpanierw piokozo Memany
HEeMOMCIUBO, MAK SIK 0Y208Ull Npoyec BUNPOMIHIOE 8ENUKULL CBIMIIOBULL NOMIK, KPANIsi He Npo3opa i
nobauumu wo 6i0byeacmvcs 8cepeduni Hei Hemoxcauso. Tomy 6 sAxocmi piokoi Kpanii
eeKMPOOH020 Memany OOCHIONCEHH NPOBOOUNUCS HA BOOSAHIU Kpanii npu KiMHAMHIU
memnepamypi.

IIpu 0ocniddcenni 6CMAHOBNIEHO, WO NpU BNIUGI KOJIUBAHb MOPYS eL1eKmpo0d HA KPAaniio
cnomeopioemucs ii popma. Iloagy eucmynieé UMOGIPHO MONCHA NOACHUMU SUHUKHEHHAM HOMOKIE
piouHu cepeduHi KpanJi.

Y npoyeci cnocmepesicenns eusagneno, wo 6 Kpanii 6UHUKAIOMb Kilbyesi NOMOKU, NPUUOMY
3 POCMOM YAcmomu KOIUBAHb MOPYs WEUOKICMb 00epmanHs Nnomokie 30invuyemscs. Ilpu
00CACHEeHHI Pe30HAHCHOI Yacmomu Kpanis 6i0pUBaEmscsl 8i0 mopysi.

Pexum noctymy: http://sap.pstu.edu

72


http://sap.pstu.edu/

