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pipe, which is deformed in an instant center of deformation. This leads to wear of the rolls and an
increase in axial forces.
It is necessary to solve the problem of ensuring a small difference between the forced rolling
radius and the natural one.

The work considers the components of the developed method of calculating the parameters of
the gear and spur gear, which ensure the minimum possible difference between the forced rolling
radius and the natural one for rolling each standard pipe size.

This makes it possible to significantly reduce the sliding speed between the surface of the roll
and the pipe in the center of deformation and axial forces.

In turn, this brings the mill equipment and the rolling process to a more advanced technical
level.

Keywords: cold plastic deformation of pipes, state of cold rolling of pipes, forced and natural
rolling radii, sliding speed of the roll surface on the metal surface of the pipe, axial forces.

Cmamms naoivuna 18.09.2024p.

YK 671.774.35 doi.org/10.31498/2522-9990282024318316
I'puropenko B.Y., Kyuesoa C.B.

A0 PO3BUTKY METOAY BUSHAYEHHSI 3SMIHHUX ITAPAMETPIB 3YBYATOI TAPH
IMECTEPHA - PEUKA CTAHIB XOJIOJHOI ITPOKATKH TPYDB IJIsA
3ABE3INEYEHHSA NIPUPOJHOI'O IPOLECY NPOKATKHA

s 6upobHUYMBEAa BUCOKOSKICHUX MPYD BUKOPUCTOBYIOMb 3HAUHY KIIbKICMb CMAHIE XO0L0OHOT
npokamxu mpyo. XonooHy npoxamky mpyd 6UKOHYIOMb 8AIKAMU HA HEPYXOMIli ONpasyi KOHIYHOT
dopmu uu 3 kpueoninivnit meiprnoro. Obepmants 8anKie 3a6e3neuycmvcs uepe3 po3maulosane Ha
gici 8anKie gedyue 3y6uacme Koleco, Wo KOHmMakxmye 3 3y6uacmoio peukow. Ilepedamoune uucno
€ He3MIHHUM NpU nepemiujeHHi Kiimi i ye npueooums 00 He8iON08IOHOCMI NPUMYCOB020 KAMAIOYO20
paoiyca npupooHomy. Lle npusodumsv 00 6eIuUKUX OCbOBUX CUL MA NOMPIOHOCMI HAHECEeHHs.
BaPMICHUX NIOCMA30YHUX WApPI6 ma cneyiaivbHoi 3mas3ku Ha mpyou. Ilompiono eupiwysamu
npoonemy 3abe3neyeHHs NPUMYco8020 Kamaioio2o diamempa npupooHOMY.

B pobomi posensoacmuvca possunymuti memoo po3paxyHKy napamempis 3y04acmozo Koieca
3y0uacmoi petiku, 0e KON*CHULL HACmYNHULl 3y0 3HAX00UMbCSL HA THUOMY OLTUTbHOMY KO, A PI3HUYSL
MIdHC HUMU OOPIBHIOE 3MIHI NPUPOOHO20 KAmar4o20 padiycy y 8iON0BIOHOMY NOJOMCEHHI napu 3y0
Koneca ma 3y0 Koneca.

Bnepwie ompumano pozsunymuii memoo 8usHa4enHs IMIHHUX Napamempis 3y0uacmozo Koneca
ma peuKu, wo GIOPI3HAIOMbCA MUM, WO 3a0e3NeyyeEmvcsi  PIBHICMb NPUMYCOB020 KAMAIOU020
paoiycy ma npupooHozo padiycy no 008UCUHI XOOY KAimi )y npoyeci Xo100Hoi npokamku mpyo. Lle
0036071A€ 3HAYHO 3HUSUMU OCbOBI CUNU NPU XOJIOOHIU NPOKamyi mpyo, 3HUUMU WUEUOKOCTI KOB3AHHS
MIdIC NOBepXHEI0 8anKa ma mpyooio 8 0cepeoxy 0eqhopmy8aHHs.

Ompumani pe3yromamu NOmMpioHi npu NPOEeKmMy8aHHi HOBUX CIMAHI8 X0100HOI NPOKAmMKU mpyo
ma 0ns1 MoOepHizayii Jitouux, a maxodc 0l NiOBUWEHHS PIBHS MeXHOI02Il XON0OHOI NPOKAmKU
mpy6 3 MoyKuU 30py AKOCMI Mpyd ma nio8UUIeHHS MIJDICPEMOHMHO20 Yacy 00NAOHAHHS CMAH).

Knrouosi cnosa: xonoona npoxamrka mpyo, npupoOHull ma npumMyco8uli Kamarnuui padiycu,
WBUOKOCTI KOB3AHHS NOBEPXHI 8AIKA NO NOBEPXHI Memasy mpyou, 0Cbosi CUTU.

ITocTanoBka npodiemu. Ha cranax XonoJHOI MPOKAaTKU BUPOOISAIOTH TPYOH ITiJIBUIIEHOL

SIKOCT1 JIJIs1 3aCTOCYBaHHS B PI3HOMAHITHHX arperarax BiJMOBiJaJIbHOTO MpU3HA4YCHHs. Taki TpyOou
BIPI3HSAIOTbCA BiJ] rapsdyeKaTaHuX 3HAYHO OLIbII SKICHOIO MOBEPXHEI0, TOYHICTIO TE€OMETpii,
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CTaOUTBHICTIO MEXaHIYHUX BllacTUBOCTEH. PoOoTamM 3 pO3BUTKY TEXHOJIOTIM XOJIOJHOI MPOKATKH
NPUALUISIOTE 3HauHy yBary [1-6].

[Tnactuuny xonomHy aedopmariiro TpyO 3aroTOBOK 3AIMCHIOIOTH BajJKaMHU Ha HEPYXOMii
ompasii (puc. 1).
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Pucynox 1 — Knite crany XIIT, TpyOa Ta onpaBka 3i ctpmwxHeM: | — mpokatana TpyOa ; 2 —
orpaBka Ta pobounii KoHyc neopmMyBaHHA Ha Hill; 3 — craHuHa; 4 — BaJIOK; 5 — Kamiop

Banku obepraioTbess MO MO3JO0BXKHBOMY XOJAy KIITI 3a PaxyHOK TOro, IO Ha iX oOcCsX
PO3TaIlOBaHI MECTEPHI SIKi KOHTAKTYIOTh 3 HEPYXOMUMH 3y04acTHMH peiikaMu (puc. 2).

Pucynok 2 — Bexyue 3y04dacte Kojeco Ta HepyxoMa peiika CTaHIB XOJIOJHOT MPOKATKH TPYyO
BaikaMmH: | - Basok; 2 — 3ybuacra peiika; Roi- AUTWIIbHUN pajiyc Beay4yoro 3y04acTtoro Koueca

KinemaTnuHO0 0COOIMBICTIO MPOKATKH TPYO Y KpyTioMy KamiOpi € 3MiHHA KOJIOBA IIBUKICTb
TOYOK MOBEPXHI1 piBYaKa Mo Horo mupuHi. Y BEpIINHI KajaiOpy BOHa MEHINa HIXK y BUITycKax. Pasmiyc
BaJIKa Ha KayiOpi, Jie MBUAKICTh BUXOJY METaly 3 KajliOpy JOpiBHIOE KOJIOBIHM IIBHUIKOCTI TOYKH
BaJIKa Ha3UBAIOTh IPUPOIHUM KaTarouuM pajiycoM. [IpupoaHiit kaTarounii pajalyc 3HaXOIUTHCS MIXK
BEPILIMHOIO pPiBUaKa BaJIKA Ta LWIIHIPUYHOIO TIOBEPXHEIO BAJIKA.
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[IpuMycoBuM pajilycoM Ha3WBalOTh PaJiiyC BaJika, IO JOPIBHIOE pajiycCy IUTIIBHOTO KoJjia
BEIy4Ol IIECTEePHi.

[IpuponHuii KaTarouuidi pajaiyc 3aJIeKUTh BiJl 3MIHU JlaMeTpy TpyOu, 1o aehopMyeThes 1 €
3MIHHHM TI0 JIOBXHHI X0y KJiTi, @ MPUMYCOBHI KaTalOuuil pajiiyc JOPIBHIOE NITWIBHOMY Paiycy
BEAYYOI IECTEPHi 1 € HE3MIHHUM.

Ochb 11bOMy TOTPIOHO 3MEHIIUTH 3HAYHO HEBIAMOBIAHICTH (PI3HUIIO) MK MPUMYCOBUM Ta
MPUPOJHIM KaTAIOYHM PaJiyCOM.

AHami3 ocTaHHiX aociaikeHb i myOuaikamiii. B VYkpaini jist XoinoaHol mpokaTtku TpyO
BUKOPHUCTOBIOTH B 0cHOBHOMY cTanu tuity XIIT (32, 55, 90). B ocHOBHOMY B OCTaHHE JECATUIITTS
MOYaJd BUKOPUCTOBYBATH Cy4YacHI IMIIOPTHI CTaHU X0oAHOI nmpokatku TpyO (cranu KPW-25, XTIT
40-8, XIIT 6-20 Ta in.) .

B Takux craHax Ime He BHUpIIICHA 3aJa4a 1O 3MEHIICHHIO HEBIAMOBITHOCTI (PI3HUII) MiXK
NPUMYCOBUM Ta MPHUPOJHUM KaTalouuM pajaiycoM. Pi3HHIS MK NPUMYCOBHM Ta TPUPOIHIM
KaTalouuM pajiycoM BIUIMBA€ HA HAMPSMOK Ta IHTEHCHUBHICTh KOB3aHHS METally M BaJKOM Ta
orpaskoro. L{e B CBOO uepry nmpu3BOJIUTH JI0 MOSBHU 1 30UIBIIEHHS OCHOBHX CHIL.

Bimomi nmocnmipkeHHS 3 BU3HAUEHHS 3HA4YEHb MOJIOKEHHSI MPHUPOJHOTO W MPUMYCOBOTO
KaTalo4oro paniyca B KamiOpi mixm uac mpokatku TpyO Ha crani XIIT-32 3a mapmpyrom
22x1,5—15x0,9 ( puc. 4) [1].
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PucyHnok 3 — Po3paxyHKOBi 3HaueHHS 3HaUY€Hb MMapaMeTpiB KaniOpa, 0 XapaKTepu3yTh
MOJI0KEHHS IPUPOJHOTO i MPUMYCOBOTO KaTal4oro pajiyca B KajaiOpi mij yac NpoKaTKu
TpyO Ha ctani XIIT-32 3a mapmpyTom 22x1,5—15x0,9 [1]

¢ -pajiiyc AHa Kaniopa
§E -paalyc LIECTEpH1
% /- IPUPOTHUN KaTArOUUi pajiyc

B tpy6bnomy inctutyTi (BHUTH) Oynu  BukOHaHI ompoOyBaHHS LIOAO 3aCTOCYBaHHS
eKCIIEHTPUYHMX IIeCTepPEeH B IMapi 3 HE3MIHHOIO peikoro. Bimomi BUNpoOyBaHHS 3acTOCYBaHHS
EKCIICHTPUYHHUX IIeCTePeH MPUBOAMIM 10 IIBUAKOTO 3HOCY 3yOiB SIK B pEHIll Tak 1 IIECTEpHI.
['0JI0BHOIO TNPHYMHOIO CJiJl HA3BaTH Te€, IO OJHOYACHO He Oyl0 3alpONOHOBAHO METOIMKY
pO3paxyHKIB apaMeTpiB 3yOIliB KOJeca Ta PEUKH.

Bisoma npormo3uiiist AMOHCEKUX PO3POOHHKIB IO 3aCTOCYBAHHIO HEKPYIIIMX 3y04acTUX KOJIIC 3
MePEMIHHAM PajliyCcoM 3a IITUIBHUM AiameTpoM [3].
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[Ti3Hime a1 HaOIMKEHHST TPUMYCOBOTO TPOIECY MPOKATKH JI0 MPUPOTHOTO OYIIH MPOTIO3HUITiT
Ta BUMPOOYBaHHS 100 TIEpEMIIIEHHs 3y04acToi peKH Iij] Yac MPOKATKH, 3aCTOCYBaHHS PEHOK i
KyTOM JI0 JIiHIi MPOKAaTKH, a TAKOX 3aCTOCYBAaHHA Mapu 3y0dacTe KOJECO Ta PEUKH 3 MepeMiHHUM
maroM 3yOI1iB.

Aute 11i mporo3uIlii Ha ChOTOIHI HE 3HAMIILINA 3aCTOCYBaHHS.

Mera npociigxeHHsi. MeTo CTaTTi € MPEICTaBICHHS 3 METOAY BH3HAYEHHS 3MIHHHX
napameTpiB 3y0actoi mapu 3y0OdacTe Kojleco Ta peiika CTaHiB XOJOAHOI NMPOKATKU TPYyO [uis
3a0e31eYeHHs] BUTOTOBJICHHS Tap IIECTePHS 3 3MIHHUM JUIMJIBHAM pagiycoM  IIECTepHI 1
BIJITIOBITHMM TOJIOKEHHAM 3yOLiB MpsmMo3y0oi peiiku. Lle moTpiOHO 11t po3paxyHKy HapameTpiB
IIECTEPHI 1 PEWKH 1 ISl HACTYITHOTO iX BUTOTOBJIEHHA. Lle mae 3Mory 3a0e3neyuTH BiAMOBIAHICTH
MIPUMYCOBOTO MPOIIECY XOJOAHOI TPOKATKU MpupogHOoMYy. Lle moTpiOHO ISt IPOEKTyBaHHS HOBUX
CTaHIB XOJIOJHOI MPOKAaTKU TpyO Ta A MOJEpHi3allil AiI0UMX, a TaKOX JJIsl MiABHUILEHHS pPiBHS
TEXHOJIOTIT XOJOMHOI TPOKAaTKH TPyO 3 TOYKH 30py 3a0e3MeueHHsT BHCOKOI SKOCTI TpyO Ta
M1JBUIICHHS MDKPEMOHTHOTO Yacy poOOTH 00JaIHaHHS CTaHy.

OcHoBHUIT MaTepiay gociimxkenns. [lpu xonoxHil mpokarii TpyO Ha HEPYXOMil KOHIYHIN
OTIPABIIi, YU 3 KPUBOJIIHIMHOIO TBIPHOIO MOB3IOBKHBOTO ii IPOdiJIT KpiM CHII, IO AiFOTh Ha BaJIOK,
BUHUKAOTH 111 CHJIU, IO JIIFOTh Ha OTPaBKY B30BX ii Bici. L{i crin 3ayexarh B KOXKHOMY IOJIOKEHHI
KJIITI BiJ] CMIBIOJOKEHHS MPUMYCOBOTO KaTarouoro pajiycy KajaiOopy 3a/laHoro Maporo HIECTepHS —
peiika. IlpumycoBuii kKaraiounii € HE3MIHHIM B KOHCTPYKIISIX CTaHIB XOJOAHOI MPOKAaTKH TPYO 3a
JOBXKUHOIO XOMy KJITI a MPUPOJHUI KaTalouui pajiyc € MEepeMiHHUM 3a JOBXKUHOKO XOAy KIITI i
3aJISKUTH BiJI TEOMETPUYHHX ITapaMeTpiB Tpyou (puc. 4).

IQ A

Pucynoxk 4 — HeBiAnoBiAHICTh MPUMYCOBOT'0 KaTalouoro pajiycy (IUTMIBHOTO paiiycy Bexry4doi
HIeCTEpH1) MPUPOAHHOMY KaTarouoMy pajilycy KajiOpy piBuaka Bajika y370BXK XOAY KJIITI y CTaH1
XOJIOZHOT MMPOKATKU TPYO BankaMu: Riax — pajilyc Bajka 1o BepIInHi Kaniopy; Rar - KaTatouuii
pazniyc, R — ninmunsHU#M paaiyc Beaydoro Kojeca; Res — paziyc moBepxHi O00UKH BajKa

['onoBHOIO IPUUMHOIO HE 3aCTOCYBAHHS HEKPYIIIUX 3yOUacTUX KOJIC CIIiJI HAa3BaTH TE 10 HE
OyJ10 TEXHOJIOT1H, 110 MOTM O 3a0€3MeYNTH MAaCOBOTO Ta TOYHOTO BUTOTOBJICHHS MAPH IIECTEPHS —
peiika 3 3MIHHUMHU NapaMeTpamu (JUIsl eCTepHl 3 IePEMIHHUM PajilycoM 3a JUIMIBHUM JA1aMEeTPOM,
a Juis pelKu HeoOXiTHOTO Ta CHHXPOHHOTO 31 3MIHOIO B IIIECTEPHI BiIOBITHOTO MOJIOKEHHS 3yO11iB).

Po3BUTOK 32 OCTaHHI IECATIITTS METaI000pOOHUX CTaHKIB 3 MTPOTPAMHUM KEPYBAHHIM A€
3MOTY II€ 3pOOUTH.
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OpHuM 3 BapiaHTIB 3MEHIIIEHHS Pi3HUIII MK IPUMYCOBHUM Ta MPUPOJHUM KaTtarouuMu (Rnpk)
pajaiycaMu € 3aCTOCYBaHHS IIECTEPEHb 3 3MIHHUM JUTMIBHUM PaAiyCoOM I KOXXHOTO HACTYITHOTO
3y0a IIeCcTepHI 3a 3aKOHOM BIIMOBITHO 3 3MIHOIO MPHUPOAHOrO Kararodoro pazaiycy. [Ipupomuwmii
KaTaro4yMii paJilyc BU3HAYAETHCS BIAMOBIIHO 3aJI€KHOCTI

Rupi=Ro -0,76R;

ne, R, - igeanpHUl paaiyc O0YKHM Bajka, 1[0 JOPIBHIOE MOJIOBHHI JliaMeTpa OOYKH Bajka
TUTIOC 3330p MIXK BaJIKaMH MTPH MIPOKATIIL;

R; - pamiyc xpyrmioro mepepizy poOo4oro KOHyCy B TOJIOKEHHI i KJITi, 1[0 € 3MIHHUM I10
JOBXUHI poO0YOT0 KOHYCY

Ri= Do/2-ADj/2

ne, Do- niametp poOoyoro koHycy nedopmaliii Ha BXoi TpyOU-3aroTOBKU
AD;- pi3HHIA MDK AiaMeTpoM poOodoro KoHycy Aedopmaliii Ha BXOJI TPyOHM-3arOTOBKH Ta
niaMeTpoM poOoUYOro KOHYCY B MOJIOKEHH .

B cBoro uepry pospaxyHku Dy 3anexarb BiJl BUOPAHOTO peKUMY OOTHCKY 110 JlaMeTpy Ta IO
CTiHI TPpyOu 1 MOke OyTH BH3HAYEHUM 32 METO/IOM, IIO MPUBEIECHUI B poOOTI [4].

Takuii po3BuHyTHH MeTOon [5,6] 3a0e3neunTh 3MIHHE MEpEeJaTOYHE YHUCIO MIXK BeAydOlO
IIECTEPHEI0 Ta PEHKOI0 3 MAaKCUMaJIbHUM HAOIMKEHHSIM MPHUMYCOBOTO MPUPOAHOMY KaTalouoMy
paaiycy 1 CTBOPUTh HOpPMaslbHI KiHEMaTH4yHI Ta CHUJIOBI YMOBH XOJIONHOI HPOKaTKU TpyO IO
3pIBHSIHHIO 3 PIBHEM TEXHOJIOTIi, 110 3aCTOCOBYEThCS 3apa3. lle mpuBene 10 3MEHIIEHHS 3HOCY
piBuUaKiB BaJKiB, MOMJIMIIEHHS SKOCTI MOBEPXHI TpyO Ta /10 3MEHIIEHHS OCbOBUX CHJI. BiamoBigHO
3MEHIYETHCSI PYWHYBAaHHS JI€TaJed CTaHy.

Peiika 3 3MIHHMMHU NapaMeTpaMHl MOJOKEHHS 3yOLIB TPOEKTYEThCS  BIAMOBIAHO 3
3HaueHHAMU AD; ( pi3HULA MIXK JllaMeTpOM poOoUOro KOHyCy AedopmMaliii Ha BX0J1 TpyOH-3arOTOBKH
Ta JlaMeTpoM poOOUOro KOHYCY B MOJIOKEHHSX i.

BUCHOBKHA

Briepuie oTpuMaHo po3BUHYTHH METO]] BU3HAYEHHS 3MIHHUX IapaMeTpiB 3y0uacToro kosieca
Ta 3y0acToi pelKH, 110 BIAPIZHIIOTHCS TUM, IO 3a0€3MeUy€eThCsl PIBHICTH IPUMYCOBOIO KaTalouoro
pajiycy Ta IpUpOIHOTO pajiyca IO AOBXKHHI XOLy KIiTi y IPOLEci XOI0IHOI MUJIbIepHOT MPOKaTKU
TpyO. lle mo3Bossie 3HAYHO 3HU3UTH MIBUIKOCTI KOB3aHHS MDK IMOBEPXHEIO Balika Ta TPyOOrO B
ocepenKy nehopMyBaHHs Ta 3HU3UTH OCHOBI CHJIM TPU XOJOAHIN MPOKATII TPYO.

OTtpuMaHi pe3yJabTaTH MOTPiOHI IPU MPOEKTYBaHHI HOBUX CTaHIB XOJIOAHOI MPOKATKH TPYO Ta
JUTSE MOJIEPHI3AIlil JiF0YMX, a TAKOXK JJIS MMiIBUIIIEHHS PIBHS TEXHOJOTIT XOJO0IHOT MPOKATKH TPYyO 3
TOYKH 30py 3a0e3Me4eHHs BHCOKOi SKOCTI TPyO Ta MiJBHUILIEHHS MIXPEMOHTHOIO 4acy poOoTH
o0JIaJITHaHHS CTaHy.
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Hryhorenko V.U., Kutsevol S.V.

TO THE DEVELOPMENT OF THE METHOD FOR DETERMINING THE VARIABLE
PARAMETERS OF THE GEAR PAIR - RAIL OF THE COLD ROLLING STATIONS OF
PIPES TO ENSURE THE NATURAL ROLLING PROCESS

For the production of high-quality pipes, a significant number of cold rolling mills are used.
Cold rolling of pipes is carried out by rolls on a stationary mandrel of a conical shape or with a
curved mill. The rotation of the rolls is provided through a driving gear wheel located on the axis of
the rolls, which is in contact with the toothed rail. The gear ratio is unchanged when moving the cage
and this leads to a discrepancy between the forced rolling radius and the natural one. This leads to
large axial forces and the need to apply expensive lubrication layers and special lubrication to the
pipes. It is necessary to solve the problem of ensuring the forced rolling diameter to a natural one.

The paper considers a developed method of calculating the parameters of a gear wheel of a
gear rack, where each subsequent tooth is located on a different dividing circle, and the difference
between them is equal to the change in the natural rolling radius in the corresponding position of the
pair of wheel tooth and wheel tooth.

For the first time, a developed method of determining the variable parameters of the gear wheel
and rail was obtained, which differ in that the equality of the forced rolling radius and the natural
radius along the length of the cage during the cold rolling of pipes is ensured. This makes it possible
to significantly reduce axial forces during cold rolling of pipes, to reduce sliding speeds between the
surface of the roll and the pipe in the center of deformation.

The obtained results are needed for the design of new cold rolling mills for pipes and for the
modernization of existing ones, as well as for improving the level of cold rolling pipe technology in
terms of pipe quality and increasing the time between repairs of mill equipment.

Keywords: cold rolling of pipes, natural and forced rolling radii, sliding speed of the roll
surface on the metal surface of the pipe, axial forces.
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