UDK 621.7
MRNTI 55.22.01
https://doi.org/10.56525/WQKR6938

THEORETICAL ANALYSIS OF
ROTARY DRAWING PROCESSES FOR
TUBE BILLETS USING DIFFERENT METHODS

AMINA BUKAYEVA!

YYessenov University,

Aktau, Kazakhstan

e-mail.ru: amina.bukaeva@yu.edu.kz

HUY-TUAN PHAM?

Ho Chi Minh City University of Technology and Education,
Vietnam

e-mail.ru: phtuan@hcmute.edu.vn

KoppecnongenT aBrop: amina.bukaeva@yu.edu.kz

Annotation. The article deals with methods of theoretical analysis of rotary drawing
processes from tube billets, which are widely used in modern industry to obtain parts with high
accuracy and improved mechanical properties. Rotary drawing is a process in which tube billets
are deformed under the action of a rotating tool, which leads to their drawing and geometry change.

Various methods of theoretical analysis are used to investigate this process, including
analytical solutions, numerical modeling and finite element methods. Analytical methods provide
simplified solutions to estimate the basic process parameters such as deformation forces, stress
and strain distribution in the workpiece. Numerical methods, including finite element methods,
provide a more detailed and accurate analysis, allowing complex workpiece shapes and multilayer
materials to be considered, as well as predicting residual stress distributions.

The paper focuses on the influence of key parameters of the rotary drawing process, such
as tool speed, clamping force, process temperature and material properties of the workpiece.
Possibilities of increasing the accuracy and efficiency of the process, as well as improving the
mechanical characteristics of the finished product are considered.
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Introduction

Thin-walled cylindrical parts have found extensive use in various sectors of mechanical
engineering, and therefore recently there has been a need for the production of thin-walled
cylindrical parts (more than one meter) of complex design for special purpose machinery, which
have the highest requirements in terms of design parameters and mechanical qualities.

Production of this kind of parts by classical methods is characterized by high labor costs
and is associated with the use of a large number of large expensive pressing, chemical and thermal
equipment. Whereas rotary drawing makes it possible to produce such thin-walled cylindrical parts
on high production special machines with relatively small dimensions, weight and power: the
amount of force in rotary drawing is much smaller compared to deep drawing, which directly
depends on the creation of a local deformation zone.

Nowadays, when writing technological processes of rotary drawing, dependencies from all
kinds of reference sources are used, obtained experimentally, including the results of theoretical
research works, which do not take into account in sufficient quantity the local character of forming
and mechanical characteristics of the part material.
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The process of rotary drawing with strain division, which promises great discoveries in the
direction of application of internal strain reserves, reduction of force loads and increase of
properties of developed thin-walled parts, has not been investigated at all.

In view of this fact, there appeared an urgent task to increase the efficiency of
manufacturing of thin-walled cylindrical parts for special equipment by rotary drawing on special
machines by means of improving the theory of plastic forming, improving the capabilities of these
processes, increasing their financial efficiency, operational parameters, establishing the
relationship of deformation factors with ensuring geometric accuracy and the formation of
mechanical properties of the material of the workpiece.

Materials and methods

Rotary drawing is the process of forming flat or hollow rotating workpieces along the
profile of a mandrel by means of a shifting deforming force. The processing method is
characterized by the presence of a local deformation zone resulting from the influence of a
compressive element (roller) on the workpiece.

The drawing of cylindrical billets with wall thinning can be performed by reverse or direct
methods, differing in the direction of metal flow in relation to the direction of the working feed of
the compression roller.

The Soviet engineers and researchers made a significant contribution to the formation of
the theoretical and practical part of the rotary drawing process: V. Barkoya, K.N. Bogoyavlinsky,
A.l. Valder, V.V. Smernov, I.P. Rene, I.I. Kazakkevich, V.G. Kaparovich, V.I. Korolkov, N.I.
Mogilny, E.A. Popov, A.S. Chumadin, and L.G. Yudin [1-11].

Also, foreign scientists S. Koboyashi, SO. Kolpakceoglu, E. Tomaset, SN. Welsh, C. Yank
and others [12-16].

The theoretical study of rotational drawing is aggravated by the presence of local
deformation and the large character of the stress-strain state of the metal in the plastic zone. The
possibilities of theoretical study of rotational drawing are mostly determined by the level of its
schematization. The study of the process of rotational drawing cannot be carried out without
making a certain number of assumptions.

In theoretical studies, as a rule, the tool is usually assumed to be perfectly rigid. The metal
to be machined is assumed to be homogeneous, isotropic, fitting the model of either a rigid-plastic
or elastic-plastic body. Free mass and other mass forces are not taken into account. Volumetric
deformation is replaced by plane deformation, the validity of the choice of which is confirmed by
experimental research works.

The assumption of plane deformation, usually perceived in the longitudinal section. This
assumption, originating from the results of E. Thomsen's research work, makes it possible to
compare the similarity between the processes of rotary drawing and drawing or pressing of tubes
with thin walls. This type of metal working process was further developed in the works of V.F.
Barkoy, L.G. Yudin, A.l. Walder and others.

At the same time, a large number of authors refer to the preferential transverse movement
of the tool. The deformation in this case takes place by rolling rather than by drawing. This method
is most realized in models that take their basis from the analysis of the transverse rolling process,
the basis of which is the model of pressing a flat die into a solid half-plane.

In contrast to the previous model, the analysis is carried out in the cross-section of the part
with the assumption of plane deformation. On the basis of the above models, the problems of
analyzing the stressed and deformed state and determining the energy-force characteristics of the
process are solved.

In this work, a method that takes into account the volumetric nature of metal flow was
chosen. The theoretical study of the process of rotary drawing with wall thinning in this case is
realized by the method of “upper” estimates. The relations for the volumetric flow of material in
the deformation zone are also obtained during the work.



An attempt to demonstrate the complicated character of volumetric flow during rotary
drawing with wall thinning was made by the Soviet scientist A.A. Kiryakov. The forming process
is described as a step-by-step process of deformation of ring elements.

Localization of the deformation zone leads to the formation of elastically deformed foci
around the plastic deformation zone, which significantly affect the character of metal deformation.
This was first proved by E.A. Popov. Taking into account the influence of elastically deformed
centers of the part on the character of forming was considered in a number of works.

In the works of foreign scientists, the energy method is mainly used to determine the
energy-force characteristics of the process. At the same time, the deformation state under the
pressing element is assumed to be flat, and simple shear of the material is taken as the main one.
The energy of forming a unit volume is taken as a function of stress intensity and contact overload
along the entire deformation zone.

Along with the energy method, the method of thin sections and the method of slip lines
have been used by scientists to establish force characteristics in many cases. In the course of
research work, dependencies between the constituent elements of the resultant force in rotary
drawing have been found, based on a comparison with drawing treatment on a flat material press.
E. Thomasett evaluates the process of rotary drawing as precipitation. The formulas for finding
the constitutive forces in this case are half empirical.

The study of the dependencies described by different scientists to find the forces of rotary
drawing shows that in addition to the dimensional parameters of the tool, mechanical
characteristics of the metal, the formulas also contain different coefficients (coefficient of
efficiency of the process; coefficients that take into account the method of rotary drawing;
roughness of deformation; compaction, etc.), which vary depending on a variety of process
parameters.

Establishing the above-mentioned coefficients for specific rotational drawing process
conditions is problematic in many cases. Incorrect assessment of the impact of individual causes,
or lack of consideration of those or other factors in the considered dependencies, leads to
significant errors in the calculation of forces, in consequence of which their difference with
experimental data is 1.5-2 times.

One of the factors of significant discrepancy between calculated and experimental values
of forces of the rotary drawing process by the direct method is considered to be the failure to take
into account the change in the actual feed of material into the deformation zone, which
significantly affects the size of the contact area of rollers with the metal of the workpiece,
consequently, and on the volume of forces generated during the rotary drawing process. Therefore,
with the change of the actual material feed into the deformation zone during the rotary drawing
process by the direct method, the character of the forces appearing during metalworking has its
own features.

Research results

During the study of the rotary drawing process, one of the key issues is the study of the
possibilities of forming without fracture and the determination of critical degrees of deformation.
However, due to the difficulty in describing the local character of deformation and the significant
impact of out-of-contact deformation on the metal flow, the limit degrees of deformation in rotary
drawing processes have been investigated, in many cases, experimentally.

The ability to shape in the process of rotary drawing is usually defined by the degree of
deformation &, which should not exceed the maximum possible value &, for a given metal or
metalworking conditions.

M.A. Gredetor as a criterion of plasticity takes the conditional compression of the neck of
the workpiece during tensile testing v and gives the following approximate formula:

£pr = U/(0,17 + ) (1)
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Using the above formula s, it is possible to calculate the ability of the metal to the rotary
drawing process in the cold state by value. It has been experimentally established that relative
elongation cannot be used as a deformation criterion for rotary drawing because it varies with the
size of the workpieces.

It is indicated that the values do not differ dramatically when deforming after several
operations &,,.. As a consequence, during the rotary drawing process, the ultimate degree of
deformation &, can be found from the cross-sectional contraction in tensile testing of the samples
taken in longitudinal direction from the original workpiece.

In the works by V.I. Zheltkov and A.l. Walder, an attempt was made to investigate at the
theoretical level the nature of the change in the degree of application of the plasticity resource of
the deformed metal according to the method of V.L. Kolmogarov, as well as to estimate the
maximum degree of thinning on the basis of the strength condition of the wall of the deformed
part of the workpiece depending on the shape of the tool, the value of the working feed and the
number of passes in the process of rotary drawing with thinning [19].

A large number of works were devoted to the visual study of force and deformation
characteristics, obtaining geometric quality parameters of thin-walled cylindrical parts (Figure 1),
produced by rotary drawing process on special equipment with rollers (direct and reverse methods)
and ball rolling heads.

— C— — ~
[ ,\/"
f m I
l [
A
| A
-— |
[ E—
0)
-~ —_

Figure 1 - Rotary drawing of a cylindrical thin-walled part by direct (a) and reverse (b)
methods

The information obtained by empirical and theoretical studies on the process of rotary
drawing of cylindrical thin-walled parts and shells has established that the course of plastic
deformation is influenced by mechanical features of metal (hardness, conditional elongation,
strength); degree of deformation; configuration, dimensions and geometry of press rollers; number
of mandrel revolutions; longitudinal feed of the device; method of the process of rotary drawing
(direct or reverse); gap between the mandrel and the workpiece; and the distance between the
mandrel and the workpiece.

Experimentally it was found that at the degree of deformation ¢ = 40 — 85%, the hardness
of the surface after deformation changes in a small amount, and the ability to form is only
dependent on the rigidity, vibration resistance of machines and tools.



Discussion

The rotary drawing process of tube billets is an important technology widely used to obtain
high quality products with required mechanical and geometrical characteristics. Theoretical
analysis methods, such as analytical approaches and numerical simulations, provide a deeper
understanding of material deformation patterns and predict the outcome of drawing processes.
Analytical methods provide simple solutions for basic calculations, while numerical methods,
including the finite element method, provide more accurate results, especially when complex
shapes and material properties are taken into account.

Conclusion.

The study has shown that the quality of finished products is significantly affected by such
parameters as tool rotation speed, process temperature, clamping force and properties of the source
material. Optimization of these parameters makes it possible to increase manufacturing accuracy,
improve mechanical characteristics of products and reduce the probability of defects.

Thus, further development of theoretical analysis methods and their implementation in the
practice of computer-aided design will provide an increase in the efficiency and reliability of rotary
drawing in the manufacture of tubular products.
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} OP TYPJII OJICTEPI KOJIJAHA OTBIPBII KYBbIP
TANBIHIAMAJIAPBIH AMHAJIMAJIBI COPY TTPOIECTEPIH TEOPHSIJIBIK
TAJJIAY

Bykaesa Amuna 3axaposnal, Huy-Tuan Pham?
'Ecenos ynusepcureri, Axray, Kazaxcran
2Xo 11z MuH TeXHOTOTHSAIKIK KoHe OiiM Gepy yHHBEpCHTETi, BreTHam

AnaaTrna. Makanana Kazipri 3aMaHFbl ©OHEPKOCINTE JKOFaphl JIQNIIKIEH >KOHE
KETUIIIPUITeH MEXaHUKAJIbIK KacHUeTTepMeH OeJIeKTep ajly YIIIH KEHIHEH KOJAaHbUIATHIH
KYObIp JaiibIHIaMalapblHaH aWHAJIMAaIbl COpPY TMPOIECTEPIH TEOPHUSUIBIK Tayjuay ojicTepi
KapacTbIpblIaabl. ANHanIMallbl COpPFBINI-OyJI KyObIp AaibIHAaManapbl aiHaaIMallbl KYpaJiJblH
ocepineH /JlepopmanusutaHaTeIH TpoIlecC, OYJI OJapJbIH TapThUIYbIHA >KOHE T'€OMETPUSHBIH
e3repyiHe oKeme/Il.

byn mpouecti 3eprrey YIIIH OpTYpil TEOPUSAIBIK Talgay OICTepl, COHBIH IIIIHIE
AQHAINTUKAIBIK IIENNMICP, CaHJBIK MOJICNBICY JKOHE aKbIpJIbl JJIEMEHTTEp QJicTepi
KOJITaHbLUIaIbl. AHATUTUKAIIBIK 9icTep AedopMalius KYLITepi, JaiibiHaaManarbl KEpHeyaep MeH
nedopmanusIapablH Tapalybl CHAKTHI TPOLECTIH HETI3r1 MapamMeTpiiepiH Oaranay YIIiH
KEHUIICTUITEH WIeIIiMIep allyFa MYMKIHIIK Oepezi. CaHABIK OMICTEp, COHBIH IMITHJE aKbIPIIbI
ANIEMEHTTEP 9Jici, MalbIHAaMaNIapIbIH Kypaei popManapsl MEH Kol KabaTThl MaTepuaiaapabl
€CenKe ajyFa KoHEe KalAbIK KEpHEYJEpAiH TapalyblH OOJDKayFa MYMKIHAIK OEpeTiH erkei-
TETXKEHJI1 )KOHE JION Talay ikl KAMTaMachl3 €Te/Il.

Makanana aiHaaMaiabl COPY NPOIECIHIH HETi3ri MmapaMeTpiepiHiH ocepiHe Hazap
ayJapbuUIajibl, MBICAJIBL, KYpaJlAblH alHaTY KbUIIAMIBIFbI, KbICY KYIII1, TPOLECTIH TEMIIEPATYPACHI
JKOHE JaibIHaMa MaTepHabIHBIH KacueTTepl. IIpomecTiH Aonairi MEH THIMIUIITIH apTTHIPY,
COHai-aK albIH OHIMHIH MEXaHUKAIBIK OHIMIUTITIH )KaKcapTy MYMKIHIIKTEP1 KapacThIPbLIa/Ibl.

Tyiiin ce3xep: aifHaJIMalIbl COPFBINI, KYOBIp JaibIHAaMalIapbl, MpoIecc, AehopMarus,
OeJiex, Kypaj, THIMIUTIK.

TEOPETUYECKHU AHAJIM3 IPOIIECCOB POTAIIMOHHOM BBITSIKKA
TPYBHbBIX 3AI'OTOBOK C UCITOJIb30BAHUEM PA3JIMYHbLIX METO/10B

Bykaesa Amuna 3axaposnal, Huy-Tuan Pham?
! Vuusepcurer.Ecenona, Akray, Kasaxcran,
2Xo IIu MuH TeXHOJIOTHYEeCKUii 1 06pa3oBaTeNbHbINH yHUBEPCUTET, BheTHaM

AHHOTaHHﬂ. B crartne paccMaTpruBaArOTCA METOAbI TCOPETUYCCKOT'O aHaJIn3a MPOLECCOB
pOTaHHOHHOﬁ BBITS)KKH U3 TPY6HBIX 3aroTOBOK, KOTOPbIC HIMPOKO IIPUMCHSAOTCA B COBpeMeHHOﬁ
MNPOMBINUJICHHOCTH JJId TOJYUYCHUA JeTajell C BBICOKOM TOYHOCTBIO H YIIYUIICHHBIMU
MEXaHHYECKMMHM CBOMCTBaMHU. PoTamroHHas BBITSKKA IMPEACTABIISICT coboii mnmponece, Ipu
KOTOpOM pr6HBIe 3aroTOBKHU ILC(I)OpMI/IpyTOTCSI noJ ASHCTBUEM Bpallaromerocss HHCTPyMEHTA,
4YTO NPUBOAMUT K UX BBITATMBAHUIO 1 U3MCHCHHIO TCOMCTPHU.

I[J'IH HUCCICIOBaHUA JaHHOTI'O mnmpomnecca HCIIOJIB3YIOTCA PAa3JINIHBIC METOJbI
TCOPCTUYCCKOTO aHAJIM3a, BKIIIOYAA AHAJIUTHUYCCKUC PCIICHUSA, YUCICHHOC MOJICIUPOBAHUC U
METOAbI KOHCYHBIX 3JICMCHTOB. AHanuTHdecKue MCTOJbI IMO3BOJIAKOT IMOJIYYUTH YINPOIICHHBIC



pemeHust Uil OIEHKH OCHOBHBIX IapaMeTpPOB IpOLECcca, TAKUX KaK yCwius aedopMaliud,
pacmpesenieHue HanpsbDKeHUd U edopMaliiii B 3aroToBke. UMCICHHBIE METOIbI, BKIIFOYAsT METO/T
KOHEUYHBIX JIEMEHTOB, 00ECIIeYNBAIOT 00Jiee AETANU3UPOBAHHBIA U TOYHBIA aHAIN3, TO3BOJISS
YUYUTBIBATh CJIOXKHBIE ()OPMBI 3aTOTOBOK M MHOTOCJIOWHBIE MaTepHaJIbl, a TAKXKE MPOTrHO3UPOBAThH
pacrpeieIeHHe OCTaTOYHbBIX HaIPSKEHUH.

OcHOBHOE BHMMaHUE B CTaTbh€ YAEISAETCS BIMSHHUIO KIHOYEBBIX IapaMeTpoB Ipoliecca
POTAallMOHHOW BBITSKKM, TAKUX KaK CKOPOCTb BpalICHUS WHCTPYMEHTA, YCWIHE IPUKHAMA,
TeMIleparypa Ipouecca M CBOMCTBA Marepuana 3aroToBKM. PaccmaTpuBaroTcs BO3MOKHOCTHU
MOBBIIIEHUS TOYHOCTH M AIPPEKTUBHOCTU IpOLECCa, a TAKKE YIYyULICHUS MEXaHHYECKHX
XapaKTEPUCTUK I'OTOBOM ITPOTYKIUU.

KiroueBble cjioBa: poTallMOHHAs BHITSHKKA, TPYOHBIE 3arOTOBKH, POIIECC, edopmanus,
JeTallb, UHCTPYMEHT, 3(p(EKTUBHOCTb.



