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TexHooriyHe NpOEKTYBaHHS CIIOCO0IB BUTOTOBJICHHS
U-noaiOHMX TBUHTOBUX IMOBEPXOHb TPAHCIIOPTHUX TPYO

B po6oTi 0OrpyHTOBaHO YOTHUPHU HOBI CHOCOOM BHUroTOBNICHHS U-TIOAIOHMX TI'BHHTOBHX IMOBEPXOHBb
TPaHCHOPTHUX TPyO 3 BUKOPUCTAHHSA OMNpaB 1 (OPMYyBAIBHUX pPOJNHKIB. Po3poOiieHi cmoco0m MOXYyTh
peanizoByBaTHCsl PI3HUMH LUIIXaMH. 30KkpeMa BMHHaHHAM U-nopiOHux pudiB Ha roToBiit TpyOi, abo
OJJHOYACHMM HaBUBaHHAM Ta U-MoJiOHMM BMHHAHHSAM CTPIYKM NPSMOKYTHOTO cCideHHsS Ha ompaBy 3 U-
NOAIOHMM CHipaJbHUM BUCTYIOM, 3 TMOJAJIBIIUM CKPIIUIEHHSM BHCTYIIB HABUTOI CTPIYKM 3BapHHM ILIBOM.
3araom po3pobieHi crocodou BUToTOBIEHHS U-TIOAIOHMX TBHHTOBHX MOBEPXOHB TPAHCIIOPTHHUX TPYO MOKHA
YMOBHO IOJUIMTH HA J[Ba THIM - 13 MOXJIMBICTIO 3MiHM BUCOTH U-1o#iOHOro pudy 3a paxyHOK 3MiHH JiaMeTp
NpyTKa NPYXUHHU, Ta Oe3 Takol MOXKJIMBOCTI, B SIKHX BHKOPHCTOBYIOTHCS OIIPABH 3 HE3MiHHOIO BHcoTOr U-
nogibHoro pudy. Takoxk B poOOTI BU3HAYEHO 1 OXapaKkTepH30BAHO KOHCTPYKLIlHI MaTepiajaMu s
BUTOTOBJICHHSI TBUHTOBHUX TPAHCIIOPTHUX TPYO. Y SKOCTI BHUXIZHUX 3arOTOBOK JOLIIBHO BHKOPHCTOBYBATH
TpyOM O€3IIOBHI XOJIOAHO- 1 rapadyekaTtaHi, TpyOH JIMTi, CMyroBuil XoJoAHOKaTaHui npokar. [[ns o6ox Tumis
cnoco0iB BU3HAYEHO 1 TIPEICTABICHO PalliOHaIbHI KOHCTPYKTUBHO-TEXHOJIOTIUHI ITapaMeTpH iXHOT peaizaliii.
U-noxiéna, rBUHTOBa MOBEpPXHS, 3aroTOBKa, CHOCi0, TpaHcmopTHa TpyOa, ¢opMyBaJdbHUN POJIHUK,
onepauisi, cnipaJbHUii BUCTYIIL.

IMocTtanoBka mpodsemu. [Iporec TEXHONOTIYHOTO TMPOEKTYBAaHHS 1 BUTOTOBJICHHS
CHeliaJbHUX TBUHTOBHUX 3aroTOBOK CYIPOBOUKYETbCS HHU3KOI TEXHIYHUX 1 BHUPOOHHYHUX
npo0jeM, Mo MOTpeOyIOTh CHCTEMHOTO aHali3y Ta KOMIUIEKCHOTro BupimieHHs. OmHiero 3
OCHOBHHX TIPOOJIEM € CKIIAIHICTh 3a0€3MeYeHHsI BUCOKOT TOYHOCTI TEOMETPHYHUX MTapaMeTpiB
I'BUHTOBHX MOBEPXOHb, OCOOJIMBO B YMOBaX OAMHUYHOTO 4M JIpiOHOCEPIMHOTO BUPOOHHUIITBA.
Taki mOBepxHI MalOTh CKJIAJHY TPOCTOPOBY GopMy, MmO mOTpeOye BUKOPUCTAHHS
CHELIaTi30BaHOTO IHCTPYMEHTY, BHCOKOTOYHOTO OCHAIEHHA Ta CYYacHHX METOJIiB
KoHTpoito. Ille ogHMM BaXJIMBMM BUKJIMKOM € BHUOIp ONTHMAJIbHOIO METOLy (hOpMYBaHHs
3aroTOBKH 3aJIEKHO B1Jl Marepiayly, KOHCTpYKTUBHMX BUMOT 1 yMOB ekciutyaTatiii. [Ipu npomy
HEOOX1/THO BpaXOBYBaTH HE JIUIIIE TEXHIYHI XapaKTePUCTHKH, ajie i eKOHOMIUHY JOUITBHICTh
BUPOOHHUIITBA, BUTPATH Ha OCHACTKY Ta €HEProeMHICTh npouecy. [IpodieMaTHUHUM TakoX €
JOCATHEHHS! HEOOXiTHMX MEXaHIYHHUX BIIACTHUBOCTEH BHUPOOY (MILHICTh, 3HOCOCTIHKICTH,
BTOMHA BUTPUBAIICTh), L0 YacTO BUMAra€ BIPOBAKEHHS JOJATKOBHUX TEXHOJIOTTYHHUX
orepariii, 30KkpemMa TepMidHOi OOpOOKM ab0 TOBEPXHEBOrO 3MIIHEHHS. YCI I[i YHHHHUKHU
YCKJIQJHIOIOTh TEXHOJIOTIYHE IUIaHYBaHHS, MiJBUINYIOTh PU3MKH Je(EKTiB 1 30UIbIIYIOTH
cobiBapTicTh mpoxaykiii. TakuM dYWMHOM, OCHOBHA mpoOiemMa TMojsrae y po3pooii
paIiOHATLHUX Ta TEXHIYHO €(PEKTUBHUX TEXHOJIOTIYHUX CIIOCOOIB, SIKi 37aTHI 3a0€3MEeUUTH
BUTOTOBJICHHS CHELialbHUX IBUHTOBUX 3arOTOBOK 3 HEOOXIIHUMH XapaKTepPUCTHKAMH MpU
MiHIMQJIBHUX BUPOOHUYHMX BUTpATaX.

AHaJii3 ocTaHHIX JocCHiIKeHb i myOJikamiii. TeXHONOTIYHI aclIeKTH MPOEKTYBAHHS
Ta JOCHIJUKEHHS IpOLECIB BUTOTOBJIEHHS AHAJIOrIB CHELiaJbHUX I'BUHTOBHMX 3arOTOBOK
BUCBITJICHO y TIpaIsiX NMPOBIAHUX y4eHHuX, 30kpema b.M. I'eka [1, 2], M.I. [Twmnms [3-5],
B.B. Bacunbkia [5-7], P.M. Poratunacekoro [8-11], A.€. [suyna [11-16], a TakoX B iHIIHX
ABTOPUTETHHUX JDKEpENIax sIK YKpaiHChKOTO, TaK 1 MDKHAPOIHOTO MOXOKeHHS [17-19]. V nux
poboTax BHUCBITIEHO IIUPOKUH CHEKTP MIIXOAIB O OTPUMAaHHS CHEMiaJbHUX T'BUHTOBUX
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3aroTOBOK, 30KpeMa METOJM HABHUBAHHS, MPOKATYBaHHS, IITAMITyBaHHS, IIPECYBaHHS TOIIO,
KOXKEH 3 SIKMX Ma€ CBOI mepeBaru i OOMEXEHHsS 3aJIeKHO BiJI TUITy Marepiaiay, reoMeTpii
cmipaimi Ta YMOB eKkciuryatamii BupoOy. OxpeMy yBary MNpUAUICHO —ITiIBUIICHHIO
TEXHOJIOTTYHOCTI KOHCTPYKIIIA CIEIiaibHOI OCHACTKH, 30KpeMa IUIIXOM YJIOCKOHAJICHHS
KOHCTPYKTUBHHUX pillleHb, 3MEHIICHHS E€HEPrOCHOXKMBAHHSA 1 BUTpAT MaTepialiB y Mpoleci
BUTOTOBJICHHSI, @ TaKOXX PO3POOJICHHIO CIIEIIaIi30BAHOTO TEXHOJIOTIYHOTO 1HCTPYMEHTAPIIO.
OctanHi JOCHIUKEHHS Yy cdepi TEXHOJOTIYHOTO TPOEKTYBAHHS Ta BUTOTOBJICHHS
CIeliaIbHUX TBHHTOBHX 3arOTOBOK OXOTUTIOIOTH IIMPOKHM CIIEKTP 1HHOBAIIMHUX ITIXO/IB,
CHPSIMOBAHUX Ha MiBULICHHS €(EKTUBHOCTI BUPOOHUIITBA, 3HM)KEHHS €HEPTOCIIOKUBAHHS Ta
MOKpAIIeHHS AKOCTI Tpoaykiii. 3okpemMa OyiaM 3ampoONOHOBaHI Taki MIAXOAU 5K
OaratopiBHeBa  KiacH]ikallisi KOHCTPYKLIA T'BUHTOBMX 1 IIHEKOBHX  3aroTOBOK;
MOP(QOJIOTIYHUIA aHaMi3 JJI1 CHHTE3Y HOBHX CIOCOOIB HaBWBAaHHS TBHHTOBUX 3arOTOBOK;
ONTHUMI3aIlisl TEXHOJOTIYHUX TIPOIECiB BHUTOTOBICHHS TBUHTOBHX 3arOTOBOK, 30KpeMa,
NUISIXOM YHidiKaIlii KOHCTPYKIIIK Ta BIPOBAIKEHHS CYYaCHUX METO/IIB MPOEKTYBAHHS.

IHocTanoBka 3aBAaHHA. MeTor0 poOOTH € po3poOIeHHS CrOCOOIB 1 TEXHOIOTTUHUX
npoiieciB BUrotoBiieHHs U-TOAI0HNX TBUHTOBUX TTOBEPXOHBb TPAHCIIOPTHUX TPYO.

Bukiaag ocHoBHOro marepiajay. Y cydyacHOMY MAaIIMHOOYAYyBaHHI TEXHOJIOTIYHE
NPOEKTYBaHHs TpoIiecy BHUTOTOBIEHHS U-TMOMIOHMX TBUHTOBUX TIOBEPXOHb TPAHCIIOPTHHUX
TpyO mnependayae aHaii3 yMOB eKcIUlyaTamii BHpoOy, BHOIp ONTHUMAalbHOIO MaTtepiaiy,
BU3HAYCHHS TIOCIIIOBHOCTI orepallii 00poOKH, a Takox 3a0e3nedeHHs] HEOOXiTHOTO PIBHS
SKOCTI 1 €KOHOMIYHO1 AomiabHOCTI. Came MpaBUIIbHE TEXHOJIOTIYHE MPOEKTYBAHHS O3BOJISE
3HM3UTH  BHUPOOHHWYI  BHUTpPATH, CKOPOTHTH  4Yac  OOpoOKM  Ta  TIABUIIUTH
KOHKYPEHTOCIIPOMOKHICTh MPOIYKIIi. ¥ 1bOMY KOHTEKCTI aKTyaJIbHICTh TEMHU OOYyMOBJICHA
MOCTIMHUM YCKJIQJIHEHHSIM KOHCTPYKIIM BHUPOOIB, 3pOCTAHHSM BHUMOT O TOYHOCTI H
JOBTOBIYHOCTI JleTaliel, a TaKoK MOTPeOOI0 B ONTUMI3Alii TEXHOJOTIYHMX MPOILECIB.
BiAmoBiiHO BHUTOTOBIICHHS TBHHTOBHX TPAHCIOPTHUX TPyO peai3yeTbCs Pi3HUMH
crioco0amu, IPEeCTaBICHUMHU HIXKYE.

Ha puc. 1 mpencraBneHO KOHCTPYKTHBHY CXEMY CIIOCOOY BHTOTOBJICHHSI TBHHTOBHX
TpancnoptHux TpyoO [20]. Ha mepmriii omepauii TpyOy 1, Ha skiii BukoHy0Th U-moniOHi
BMHHAHHS 2, 3aKPIIUIIOIOTH Ha OMpasi 3 BiIOMUM crocoOoM. 30BHIIIHS TOBEPXHS OMpaBu 3
BUKOHAaHa 13 xopcTKoi rymu 4. Ha TpyOy | BcranoBmiotoTs npyxuny 5. Ilotim ompasy 3 3
TpyOot0 1 1 MPYXHHOIO 5 3aKpIUIAIOTh B MPHUBIAHINA omopi 6 Ta B o0epToBOMY IIeHTpi 7 i
3nificHIOTh  AedopmyBanHgs 3 U-momiOHuMH BMHHaHHSAMH 2 Ha TpyO6i | 1Umsixom

NpUTHUCKaHHA (popMyBaIbHOTO Baja 8.
1 2 3 4 5 7

_E ________________ 3_

] :
A &
Pucynok 1 - KoHCTpyKTHBHA cXeMa Crioco0y BUTOTOBJIEHHS TBUHTOBHX TPAHCIIOPTHUX TPYO

Jicepeno: pospobreno asmopamu

Ha npyriii oneparii BUKOHyeThcsi HaBuBaHHA Ha TpyOi 1 U-momiOHux BMHUHAHB 2
[UISXOM PI3HOCTOPOHHBOTO OOEpTaHHS pPO3MIlIEHOT B ompaBi 3 MpuUBIAHY omopy 6 Ta
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o0eproBuii LeHTp 7 3 TpyOor0 1 Ta MpYyXHHOIO S5, Ta MPUTUCHYTUM A0 HUX (OPMYBaIbHUM
BaJIoM 8.

OavH 3 HACTYHMHMX CIIOCOOIB BUTOTOBJIGHHS TBUHTOBHMX TpaHCIOPTHHX TpyO [21]
(puc. 2) mporec mepeadadae, MO CHOYATKy y TBUHTOBMM Ta3 1 ompaBu 2 CTaHAApTHUM
CHoco0OM BCTaHOBJIOIOTH CIHipalibHY MpyXuHY 3. Jlani Ha ompaBy 2 pa3oM i3 MpyKHHOIO 3
HACa/UKYIOTh TPYyOHY 3aroTtoBky 4 1 ¢iKCyrOTh ii TakoX BigomMuMm MeToiom. Ilicias mporo
OTpaBy 2 3 YCTaHOBJICHHUMH MPYKUHOIO 3 Ta 3arOTOBKOIO 4 3aKpiIUTIOIOTh Y MPUBIIHIN omopi
5 Ta B 00epTOBOMY IIEHTPI 6.

Ha npyromy erani 37iiiCHIOETBCSI IPUTUCKAHHS (POPMYBAJIBLHOTO posinka 7, mio mMae U-
noAiOHy BIaguHy 8, 710 MOBEPXHI TPyOHOI 3aroTOBKH 4, 1ie 3a0e3neuye MUTbHE MPUIISTaHHS
3aroTOBKH J0 ONpaBH 2 Ta CHipalbHOI NPY>KUHH 3 y 30HI KOHTAKTy. [IOTIM y Nit0 IPUBOIATH
MPUBITHY OMOpYy 5, 1O 00epTae ompaBy 2 pa3oM 31 CIIpaIbHOI MPYXKHHOI 3, TPyOHOIO
3aroToBKO0 4 1 00epTOBUM IeHTpoM 6. OgHOYacCHO (OPMYBAIBHUN PONIUK 7 3 BUIMKOIO 8
3MIUCHIOE 00€PTaTbHO-TIOCTYNANBHUN PYX Y3[IOBX OCI OMpaBH 2 MiJ KYyTOM, IO BiJMOBITAE
KPOKY cHipajbHOi mpyxuHH 3. Taka TpaexTopis 3 MOXIHMBICTIO OOEpTaHHS 1 OCHOBOTO
MepeMIIIIEHHS POJIMKaA J103BOJIsie (hOpMyBaTH Ha TpyOHil 3aroToBli 4 crmipansHuid Buctym 9 U-
noi6Ho1 popmu.

Ha Tperpomy etami ompaBy 2 pa3oM 31 CHIpaJbHOIO TMPYXKHUHOK 3 Ta TPyOHOIO
3aroTOBKOIO 4 3HIMAIOTH 13 MPUBIAHOI omopu 5 Ta obeproBoro nentpa 6. Ilicia poro
3MIUCHIOIOTh 3HATTS TPyOHOI 3aroToBku 4, Ha TOBEpXHI sKkoi cdopmoBani U-momiOHI
cripaibHi BUCTYIH 9, 3 onpaBy 2 Ta CHipaibHOT NPY>KUHH 3.

3) );\\\\\\\\\\\\\\\\~.\\\\\\\\‘<\\\\\\\\\\\\\\\\\\\\\\\
3 2 A
% %

S 20 i
7 L

/ﬁ
In
L

Pucynok 3 - KoHcTpyKTHBHA cXeMa CIIOCO0Y BUTOTOBJICHHS TBUHTOBOI MMOBEPXHI TPAHCIOPTHOI TpyOH
Jicepeno: pospobneno agmopamu

PamionanbHi KOHCTPYKTHBHO-TEXHOJIOTTYHI TapaMeTpu CIOco0iB BUTOTOBJICHHsS U-
NOoJIOHUX IBUHTOBUX IMOBEPXOHb TPAHCIOPTHUX TPYO, sIKi mpejacTaBieHo Ha puc. 1 i puc. 2,
B1J100pakeHo B Tabuii 1.

Tabmuust 1 — PamioHanbHI KOHCTPYKTHBHO-TEXHOJIOTIUHI TMapaMeTpH CIOCO0y
BUTOTOBJICHHS U-TI0/1IOHNX TBUHTOBHUX MOBEPXOHB TPAHCIIOPTHUX TPYO
. C .. Bucora U-
No Hiamerp npyTtka Kpok 3oBHimHIN giametp (ToBmmHa TpyOHOI HToiGHIX
OPYKUHH, MM [IPY>KUHH, MM|TPYOHOT 3arOTOBKH, MM | 3arOTOBKH, MM
BMHWHAaHb, MM
1 250 10...150 80...300 0,8...2,5 1...50
2 2170 10...180 150...500 0,8...3,0 1...70
3 2100 10...220 200...1000 0,8...3,0 1...100

Iicepeno: pospobreno asmopamu

Omnwucani meroau ¢opmyBaHHs U-NoJiOHUX MBUHTOBUX MOBEPXOHb Ha TPAHCIOPTHUX
TpyOax JO3BOJISIIOTH PETYIIOBATH BHCOTY U-MOAIOHOTO BHCTYIY IIISXOM 3MIHU JiaMeTpa
IpOTy chipanbHOl mpyXuHu (auB. Tabn. 1). Hmkde HaBeneHO BapiaHTH BHUTOTOBICHHS
TpyOHMX T'BHHTOBHMX 3aroTOBOK 13 BHKOPHUCTaHHSIM OIpaB, 10 3a0e3Medy0Th IOCTIHHY
Bucory U-momi6Horo Buctymy. OauH 13 Takux METOMIB BHroToBieHHS U-momioHux
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I'BUHTOBUX MOBEPXOHb TpyO [23] (puc. 3) momsrae B HACTYIHOMY: Ha INEPLIOMY eTarli Ha
omnpaBy 1, sika Bxke Mae chopmoBanmii U-momiOHMIA cripadbHUN BUCTYN 2, 3aKPIIUTIOIOTH
TpyOHy 3aroToBKy 3 3a Jornomororo rBuHTIB 4. Ilicns 1iporo onpay 1 pa3om i3 BUCTyHOM 2 Ta
3aroToBKOIO 3 (IKCYIOTh Y NMPHUBIIHIN OmOpi 5 Ta B 1IeHTPi 6.

Ha pgpyromy erami BUKOHYETbCS HpPUTUCKAHHS (opmyBanbHOro ponuka 7 3 U-
MoAI0HOI0 BHIMKOIO 8 110 TMOBEpXHI TPyOHOI 3aroToBKH 3, B pe3yJbTaTi 4Oro Mo BCik ii
noBxkuHI popmyeTbes U-nofiOnHuit cipansauii Buctyn 9. Lleit BUCTYyI CTBOPIOETHCS IIISIXOM
BMHHAHHS Martepiajly 3aroTOBKM Tij JI€I0 pojuKa 7, BHIMKa SKOTO 3a (OPMOIO TOYHO
BianoBigae npodimo U-nofibHoro cripaibHOro BUCTyIy 2 Ha ompasi 1. [l 3a0e3nedeHHs
TOYHOCTI TIPOILIECY POJMK 7 PO3TAIIOBYETHCA TIiJ KyTOM, IO Y3TO/DKEHUH 13 KPOKOM
crhipanbHOro BUCTymy 2 ompaBu 1. JloxkuHa TpyOHOi 3aroToBKHM 3 TpW LIOMY [OBHHHA
BIJINMOBI/IaTH JOBKHMHI ONpaBH | 3 HAHECEHUM Ha Hiil BUCTYTIOM 2.

Ha tpetpomy erami onpaBy 1 pa3om i3 TpyOHOIO 3arOTOBKOIO 3 3HIMAIOTh 13 PUBITHOT
omopu 5 Ta meHtpa 6. Ilicmsg mbOro BUKPY4YYIOTh TBHHTH 4, SKUMHU Oylia 3akpirieHa
3aroTOBKa, 1 BUKOHYIOTh 3HATTS TPYOHOI 3aroTOBKH 3 13 chopMoBaHMMHU Ha Hii U-noaiOHuMH
CHipalbHUMHU BHUCTYymamMu 9 mnusixoM 11 obepexxHoro ckpyuyBanHs 3 U-momiOHOTO
CHipaJbHOTO BUCTYITy 2 onpasu 1.

Pucynok 3 - KoncrpykrusHa cxema crioco0y BurotoieHHs U-1101i0HOT TBUHTOBOT ITOBEPXHI
TPaHCIIOPTHOI TPyOH
IDicepeno: pospobneno asmopamu

[ammii crioci6 (puc. 4) [24] nepenbavae, 1m0 Ha MEpPIIOMY €Tari Ha ompasi 1, sika Mae
U-nogiOHuil cripaIbHUM BUCTYN 2, 3aKPIIUIIOIOTH CTPIUKYy MPSIMOKYTHOTO mepepizy 3 3a
noromororo rBUHTIB 4. Ilicns mporo onpary 1 pa3om 3i CipaJbHUM BUCTYTIOM 2 1 CTpidKoiO 3
(bIKCYIOTh Y IPUBIIHIN O1IOpi 5 Ta 11eHTpi 6.

Ha npyromy erarmi popmyBansuuii ponuk 7 3 U-moaiOHOIO BUIMKOIO 8 IPUTUCKAETHCS
JIO CTPIYKH MPSIMOKYTHOTO TIepepi3y 3, y pe3ysIbTaTi 4oro mo BCii ii moBxuH1 popmyerhes U-
nofioHui cripanbHUi BUCTyn 9. Lleil BUCTYN yTBOPIOETHCS NUIIXOM BMHUHAHHS Marepiaiy
CTPIYKH 3a IOTIOMOTOI0 POJIMKAa 7, BHIMKa SIKOTO0 TOYHO BiamoBimae reomerpii U-momioHOTO
CHIpaJIbHOTO BUCTYITy 2, HaHeceHoro Ha ompasi 1. [ 3a0e3nedeHHss ToUHOro (hopMyBaHHS
POJIMK 7 BCTAHOBIIOETHCS i KyTOM, SIKAW BIAMOBITa€ KPOKY CITIPATLHOTO BUCTYITY 2 ONPaBH
1. JloBkHHA CTPIYKM NPSIMOKYTHOTO Mepepidy 3 Mae BiINOBiIAaTH OBXWHI ompaBu 1 3
HAaHECEHUM Ha Hiil BUCTYTIOM 2.

Ha TperpoMy erami KiHII HaMOTaHOi CTPIUYKM MPSIMOKYTHOTO Tiepepisy 3 3
chopmoBanumMu Ha Hii U-mogiOHUMU CripadlbHUMHU BHCTYIaMH 9 3'€THYIOTH 3a JOIOMOTOIO
3BapHOro mBa. [licas bOro KOHCTPYKIIIO Pa30M 3 ONpaBoio | 3HIMAIOTH 13 MPUBITHOI ONIOPH
5 Ta neHTpa 6. Jlaymi BUKPYUYyIOTh TBUHTH 4, MICJIsl YOTO BUKOHYIOTH 00€pEKHE CKPYUyBaHHS
roTOBO1 TpaHCOPTHOI TpyOH 3 U-nmoniOHMMH cHipalbHUMU BUCTyHaMu 9 3 onpasu 1, mio mae
BIJIMOBITHAN CTIpajJbHUN BUCTYII 2.

[Ipuknaa BUKOHAHHS CIIOCOOY BHUTOTOBJICHHS TBUHTOBOI 3arOTOBKH, J€ TOB3JIOBXKHS
rmojada pojiMKa TMOBHHHA BiAmoBimatu Kpoky U-MmomiOHOro CripajdbHOTO BHCTYITY OIPaBH,
Bi0OpakeHo B Ta0wii 2.
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Bubip matepiamniB /Uit BATOTOBICHHS CHEI[IaIbHUX TBUHTOBUX MPOQIIBHUX 3ar0TOBOK
0OyMOBJIEHUH TIOETHAHHAM 1XHIX MEXaHIYHMX, TEXHOJOTIYHUX Ta EKOHOMIYHUX
xapakTepucTuk. HaiinominpHimmMm MartepiajioM, y LbOMY ILIaHi, € Byrienesi craii Mapok 08
ki, C1.3 Ta ixHi 3apyOiKHI aHaJOIH, SIKI MalOTh JOCTaTHIO IUIACTUYHICTh, 3BAPIOBAHICTD 1
3ATHICTH 70 XOJIOAHOI nedopmariii, 0 KPUTHYHO BAXIWBO NPH (OPMYBaHHI TBUHTOBUX
€JIEMEHTIB 13 CKIaAHUM mpodimem. BinnmoBimHO 3acTOCyBaHHS HH3BKOBYIJICHIEBHX
XOJIOAHOKATaHUX CTaJed 3a0e3mnedye CTabiIbHY SKICTh MOBEPXHI, TOYHICTh T€OMETPHYHUX
napaMeTpiB Ta BUCOKY OJHOPIIHICTb CTPYKTYpHU MaTepiaiy, L0 € HaJA3BUYailHO Ba)KJIMBOIO
XapaKTepUCTHUKOIO MiJ] 4YaC BUPOOHHUIITBA CIIELIATbHUX TBUHTOBUX NMPO(DIIbHUX 3arOTOBOK, /1€
nedopmarris Mae OyTH KOHTPOJIbOBAHOIO Ta MOBTOPIOBaHOM0. JIJIs eKcIuTyarallii y arpeCuBHUX
cepenoBuiiax abo 3a yMOB MiJBUIICHUX HABAHTAXXEHb, MOLIJIBHUM € BUKOPUCTAHHS
JeroBaHux abo HepxkaBitouux craieit (Hampukman, 08X17T, 12X17, AISI 304, AISI 316), sxi
MalOTh MiABUIICHY KOPO3iWHY CTIMKICTh, TEIUIOCTIHKICTH 1 MIIHICTh. Y SKOCTI BUXIJTHHUX
3aroTOBOK JIOIJIFHO BHUKOPHCTOBYBATH TPyOHM OE3IIOBHI XOJIOJIHO- 1 rapsuyeKaTaHi, TpyOH
JUTI, CMYTOBHM XOJOJHOKATaHWK TPOKaT, (I3MKO-XIMIYHI 1 MEXaHIYHO-KOHCTPYKTHBHI
XapaKTepUCTHKH sKoro, Bu3HavyeHi ctangaproMm JCTY EN 10139:2019. 3rigHo HBOTO IS
HallUX TMOTped ONTUMAJIbHUMM € TOBUIMHUA 1,5-4 MM. OnrumanpHa HIMPUHA CMYTH
BUOUPAETHCS 13 CTAaHAAPTHUX PO3MipiB y Mexax 40-250 mm. Jlanuit Marepiai € JOCTYITHUM 1
[IOCTAYa€ThCcd MeTano0a3aMu pyJIOHaMHM, CTpiykaMH a0 TMOpi3aHMUM y pOo3Mip 3TiTHO
BUPOOHHYUX TIOTPEO.

5

Pucynok 3 - Crioci® BUTOTOBJICHHS] TBUHTOBHX 3arOTOBOK
Iicepeno: pospobneno asmopamu

Tabmuus 2 - KOHCTpYKTHBHI Ta TEXHOJOTIUHI XapaKTEPUCTUKU peatizalii crnocody
dopmyBanHs U-moaiOHUX TBUHTOBHUX MTOBEPXOHb TPAHCIIOPTHUX TPYO

YacrtoTa ToB3oBxKHs KpF)K U- . ToBmuna Bucora U-
Ne | obGepraHHs rojada nozibHoro Hiametp 3arOTOBKH oa10HUX
- P ’ OpPMYBaJILHOT'O CIIIPAILHOTO | OIPaBH, MM ’ A
ompasu, 00/XB pMy P P MM BMHMHAaHb, MM
’ | pomnuka, MM/00. | BHCTyNy, MM ’
1 | 0,083...0,15 70...120 70...120 100 0,8...1,5 5...50
2 10,125...0,225 120...180 120...180 150 1,0...2,0 5...70
3 0,166...0,3 170...240 170...240 200 1,5...2,5 5...90

Iicepeno: pospobneno asmopamu

VY BUnajaKy MiABHIIEHUX BUMOT IIO/IO0 SKOCTI 1 TOYHOCTI KiHIIEBUX 3aTOTOBOK y SIKOCTI
BUXIJIHUX JIOIIBHO BUKOPUCTOBYBATH TPYyOM 1 IITa0M XOJIOJAHOKATaHl eKCIUTyaTalliiiHi
XapaKTEPUCTUKU SKUX BcTaHoOBJIeHI cTaHmaaptoM EN 10140-2006 abo x TpyOH, CTpiukH 1
JUCTH 3 KOHCTPYKIIWHUX CTaJied 3 TMOKPUTTSIM, OTPUMAHUM Oe€3MepepBHUM CIOCOOOM
3aHYypEeHHSIM B po3IuiaB, 3riqHo EN 10326-2004.

TakuMm YWHOM, TpaBWIBHUA BHOIp MapKu MaTepiaxy He Jume 3ade3rnedye
TEXHOJIOTIYHICTh BUTOTOBJICHHS, a ¥ TrapaHTye HAAIMHICTh Ta JOBTOBIYHICTH CIEIliaTbHHIX
TBUHTOBUX MPO(]UIBHUX 3arOTOBOK B YMOBAaX peajbHOI KCILTyaTallii.

BucHoBkH. 3ampomoHOBaHO YOTHPU HOBI CIMOCOOM BHTOTOBJICHHS U-TOMIOHMX
TBUHTOBHX MOBEPXOHb TPAHCIIOPTHUX TPYO 3 BUKOPUCTAHHS OMpaB 1 (POpMyBaIbHUX POJIHKIB.
BoHn MOXyTh peasni3oByBaTHCs SK BUTOTOBIICHHSM, NUIIXOM BMHHAHHS, U-mogiOHuX pudis
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Ha TOTOBIM TpyOi, Tak 1 OJHOYACHUM HaBUBaHHAM 3 U-MoxiOHMM BMHHAHHSAM CTPIYKH
MPSIMOKYTHOTO CideHHS Ha ompaBy 3 U-momiOHUM CHipaJbHUM BHUCTYIIOM, 3 TOJAJIBIITHAM
CKpIIJICHHSM BHCTYIIIB HABUTOI CTPIUKU 3BapHUM IIBOM. Po3po0iieHi criocoOu BUTOTOBJIECHHS
U-noaiOHUX I'BUHTOBMX IHOBEPXOHb TPAHCHOPTHHUX TPYO MOKHAa YMOBHO HOJUINTH Ha JBa
THUIH - 13 MOXJIMBICTIO 3MiHU BUCOTH U-moaiOHOTO prdy 3a paXyHOK 3MIiHU JliaMeTp MpyTKa
npy>KUHH, Ta 0€3 TaKOT MOXKIIMBOCTI, B IKMX BUKOPUCTOBYIOTHCS ONPABH 3 HE3MIHHOIO BUCOTH
U-nogi6broro pudy. Jns o60x TUMIB CHOCOOIB BH3HAYECHO 1 MPEACTABICHO pallioHAIbHI
KOHCTPYKTHBHO-TEXHOJIOTI4HI MapaMeTpu ixHboi peamizamii. Takox B poOOTi BH3HAUEHO i
OXapaKTepH30BaHO KOHCTPYKIIWHI Marepiany Ui BUTOTOBIICHHS TBHHTOBHUX TPAHCIOPTHHX

Tpyo.
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Technological Design of Methods for Manufacturing U-Shaped Helical Surfaces

of Transport Pipes

The process of technological design and manufacturing of special screw blanks is accompanied by a
number of technical and production problems that require systematic analysis and comprehensive solutions. One
of the main problems is the difficulty of ensuring high accuracy of the geometric parameters of screw surfaces,
especially in conditions of single or small-scale production. Such surfaces have a complex spatial shape, which
requires the use of specialized tools, high-precision equipment and modern control methods. Another important
challenge is the choice of the optimal method of forming the workpiece depending on the material, design
requirements and operating conditions. In this case, it is necessary to take into account not only technical
characteristics, but also the economic feasibility of production, equipment costs, and energy intensity of the
process. Another problem is achieving the required mechanical properties of the product (strength, wear
resistance, fatigue endurance), which often requires the implementation of additional technological operations, in
particular heat treatment or surface hardening. All these factors complicate technological planning, increase the
risks of defects and increase the cost of production. Thus, the main problem is to develop rational and technically
efficient technological methods that are capable of ensuring the manufacture of special screw blanks with the
required characteristics at minimal production costs.

Modern scientific works in this area of research highlight a wide range of approaches to obtaining
special screw blanks, including methods of winding, rolling, stamping, pressing, etc., each of which has its own
advantages and limitations depending on the type of material, spiral geometry, and operating conditions of the
product. Particular attention is paid to increasing the manufacturability of special equipment designs, in
particular by improving design solutions, reducing energy consumption and material consumption in the
manufacturing process, as well as developing specialized technological tools. Recent research in the field of
technological design and manufacturing of special screw blanks covers a wide range of innovative approaches
aimed at increasing production efficiency, reducing energy consumption, and improving product quality. In
particular, such approaches as multi-level classification of screw and auger billet designs were proposed; morphological
analysis for the synthesis of new methods of winding screw billets; optimization of technological processes for
manufacturing screw billets, in particular, by unifying designs and implementing modern design methods.

The work substantiates four new methods for manufacturing U-shaped helical surfaces of transport
pipes using frames and forming rollers. The developed methods can be implemented in different ways. In
particular, by indenting U-shaped ridges on the finished pipe, or by simultaneously winding and U-shaped
indenting a rectangular-section strip onto a frame with a U-shaped spiral protrusion, followed by fastening the
protrusions of the wound strip with a weld. In general, the developed methods for manufacturing U-shaped
helical surfaces of transport pipes can be conditionally divided into two types - with the possibility of changing
the height of the U-shaped ridge by changing the diameter of the spring bar, and without such a possibility, in
which frames with a constant height of the U-shaped ridge are used. The work also defines and characterizes the
structural materials for the manufacture of helical transport pipes. As starting materials, it is advisable to use
seamless cold- and hot-rolled pipes, cast pipes, and cold-rolled strip products. For both types of methods,
rational structural and technological parameters for their implementation are defined and presented.

U-shaped, helical surface, workpiece, method, transport pipe, forming roller, operation, spiral protrusion
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