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Po3zknao 3axooie

22.05.2017, Iloneninok

9.00-13.00 — Peectparris yuacHuKiB. 3ycTpidi
OpTaHi3aTopiB Ta MPEACTABHHUKIB IHIYCTPIi.
Kageopa obpobxu memanie mucrkom im. axkao. O. I1.
Yexmapvosa (ayo. A-402)

15.00-17.00 — Peectpariist yuacHukiB. OOroBOpeHHS
NOPSAKY IeHHOT0. POpMyBaHHS TOCIIIOBHOCTI
JIOTIOBiIEH.

Kageopa obpobru memanie mucxom im. akao. O. I1.
Yexmapvosa (ayo. A-402)

15.00-17.00 — 3ycrpiui B pamkax npoexkty DAAD
Praxispartnerschaft Metallurgie

Kageopa obpodxu memanie mucxom im. axkao. O. I1.
Yexmapvosa (ayo. A-410)

23.05.2017, BiBTopok

9.00-10.00 — Peecrparist yaacHukiB. CTeHIOBI
JIOIIOBIl.

10.00-13.00 — Biakputtst koupepenuii. [Iporpamui
JIOTIOBiIi MMPEICTABHUKIB HAYKOBUX IIKLJ Ta
THAYCTpIi.

Tpemiti nosepx bioriomexu HMemAY
Mooepamop A. B. ®ponos (OMT)

13.00-14.00 — CrenmoBi 1OTIOBII.

14.00-18.00 — IIporpamHi IOTIOBiIi PEACTABHUKIB
HAyKOBHX IIKLUI Ta IHAYCTPIi.

Tpemiti nosepx bioriomexu HMemAY
Mooepamop O. M. I'onoexo (IW)

15.00-17.00 — Kpyrunii CTis 3 IKOCTI MiATOTOBKH
(axiBLiB A METANyprii Ta MaTepiajJo3HABCTBA
Kageopa obpodru memanie mucxkom im. axao. O. I1.
Yexmapvosa (ayo. A-402)

Mooepamop ®@. Hiopnbepeep (IW)

18.30-22.00 — HedhopmanpHa 3ycTpiu y4acHHUKIB
KoHpepeHIii

ITocaigoBHICTE porpamMaux gonosiieii — Jomarox 1

Calendar of events

22.05.2017, Monday

9.00-13.00 — Registration. Organizers and industrial
representatives’ session.

Metal forming department (aud. A-402)

15.00-17.00 — Registration. Discussions on the
conference agenda. Forming of report’s sequence
Metal forming department (aud. A-402)

15.00-17.00 — DAAD Praxispartnerschaft
Metallurgie sessions
Metal forming department (aud. A-410)

23.05.2017, Tuesday
9.00-10.00 — Registration. Poster session.

10.00-13.00 — The Conference Opening.

The program reports of representatives of the
scientific schools and industry

3-rd floor of the library

Moderator Ya. V. Frolov (OMT)

13.00-14.00 — Poster session.

14.00-18.00 — The program reports of representatives
of the scientific schools and industry.

3-rd floor of the library

Moderator O. M. Golovko (IW)

15.00-17.00 — Round table on Metallurgy and
Materials Science education quality

Metal forming department (aud. A-402)

Moderator F. Niirnberger (IW)
18.30-22.00 — Lounge

The sequence of program reports — Add. 1

Xl International Scientific and Technical Conference "Plastic Deformation of Metals"
Metal Forming department. National Metallurgical Academy of Ukraine
www.metal-forming.org
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24.05.2017, Cepena
10.00-11.00 — CninkyBanHs 3a KaBoto. [[pu3HayeHHs
ayIUTOPIH.
Kageopa obpobru memanie mucxkom im. axao. O. I1.
Yexmapvosa (ayo. A-402)
11.00-18.00 — HaykoBi A0mnoBifIi3a HAPSIMKaAMHU:
¢ Po3paxyHKH Ta MOJIeNtOBaHHS (HOPMO3MIHI
MeTany
Ayoumopis A.
Mooepamop B. O. I punxesuy (OMT)
Te3u nonosineit HanpsaMKy — JlogaTok 2
o CTpYKTYpOYTBOpPEHHS, BIACTHBOCTI Ta
TepMidHa 00pobKa ehopMoBaHUX BUPOOiB
Ayoumopis B.
Mooepamop J. M. Pooman (IW)
Tesu gonosineit HanpsaMKky — JlogaTok 3
e [IpokaTka
Ayoumopis C
Mooepamop O. FO. ['pudin (LWK)
Tesu ponosineil HanpsaMKy — Jlonatok 4
e BupoOHHIITBO TPpYO
Ayoumopis D
Mooepamop M. I. Medseoes (OMT)
Tesu gonosineit HanpsaMKy — JlogaTok 5
® PO3BUTOK MpolieciB 00POOKU METAIIB TUCKOM
Ayoumopis E
Mooepamop B. B. Anopees (OMT)
Tes3u nonosineil HanpsaMky — JlogaTok 6

25.05.2017, YerBepr

9.00-13.00 — Tpeninru B pamkax nmpoekty DAAD
Praxispartnerschaft Metallurgie.

Jlonosioaui:

M. Ulanep (LWK)

0. 10. I'puoin (LWK)

@. Hiopnbepeep (IW)

14. 00 — 18. 00 — CniBGeciau B paMKax MIPOEKTY
DAAD Praxispartnerschaft Metallurgie
Mooepamopu:

M. Ilanep (LWK)

O. 10. I'puoin (LWK)

@. Hiopnbepeep (IW)

26.05.2017, I'aTHuns

10.00-13.00 — Ceminap, npuCBsiUEHHI BUMOTaM
PHHKY IIpalli 0 CTyIEHTiB 3 00pOOKH MeTaliB
THCKOM

Mooepamop @. Hiopnbepeep (IW)

14.00-17.00 — Hapana opraunizaTopis Ta
MPECTaBHUKIB 1HIYCTpIi 3 MUTaHb CHiBPOOITHUIITBA
Ha nepiox 2018-2020 pokis.

24.05.2017, Wednesday

10.00-11.00 — Coffee start. Appointment of Lecture
halls.

Metal forming department (aud. A-402)

11.00-18.00 — Scientificreports on the Topics:
e Calculations and simulation of metal flow
Lecture hall A.
Moderator V. O. Grinkevich (OMT)
Abstracts of reports on the Topic — Add. 2
e Formation of metal's structure and properties;
heat treatment of products

Lecture hall B.

Moderator D. M. Rodman (IW)

Abstracts of reports on the Topic — Add. 3
¢ Rolling

Lecture hall C.

Moderator O. Yu. Grydin (LWK)

Abstracts of reports on the Topic — Add. 4
e Tubes and pipes manufacturing

Lecture hall D.

Moderator M. I. Medvedev (OMT)

Abstracts of reports on the Topic — Add. 5
¢ Development of metal forming processes

Lecture hall E.

Moderator V. V. Andreiev (OMT)

Abstracts of reports on the Topic — Add. 6

25.05.2017, Thursday

9.00-13.00 — DAAD Praxispartnerschaft Metallurgie
trainings.

Lecturers:

M. Schaper (LWK)

O. Yu. Grydin (LWK)

F. Niirnberger (IW)

14. 00-18. 00 — DAAD Praxispartnerschaft
Metallurgie interviews

Moderators:

M. Schaper (LWK)

O. Yu. Grydin (LWK)

F. Niirnberger (IW)

26.05.2017, Friday
10.00-13.00 — Workshop on job market requirements
for metal forming students

Moderator F. Niirnberger (IW)

14.00-17.00 — Meeting of organizers and industry
representatives on the cooperation directions for
2018-2020.

XI MixkHapogHa HayKoBo-TexHiuyHa KoHdepeHLuisa "MnactnuHa gedopmauia mertanis"
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[ocninoBHICTH MPOrpaMHUX AOHOBIACH
OnuHAIIATOT MiXKHAPOIHOT HAYKOBO-TEXHIYHOT
KoH(pepeHmii
"Ilaacruuna gedgopmauist Mmeramis’’,
HanionansHa MeTanypriiina akanemist Ykpainu,
23 tpasus 2017 p.
3acigaHHs IPOXOANTH Y MPUMIILCHHI 010Mi0TeKH
HMetAY (3 nosepx).
Mooepamop A. B. ©ponos (OMT)

10.00 Binkpurts koH(pepeHil

10.15 Amngpiii Camconenko — kadeapa o0poOKu
MeTaiiB TiuckoM HarloHansHOT
MeTaIypriifHoi akagemii Ykpainu

10.40 ®nopian Hropubeprep — iHcTUTYT
Marepianio3HaBcTBa ['aHOBEPCHKOTO
yHiBepcHuTeTy iM. JIeHOHuIs

11.05 Onekcanap ['punin — [HcTUTyT
Matepiano3naBcTBa [lagepOopHCEKOTO
YHIBEPCHUTETY

11.30 Hikomnaii biba -MICAS SIMULATION LTD

11.55 Bonoaumup Kyxap — kademnpa oopooOku
MeTajiB TUCKOM [IprHa3oBChKOTO JepKaBHOTO
TEXHIYHOTO YHIBEPCUTETY

12.20 Mocun Orunchkuii — Kadeapa
MeTaxypriiiHoro obiagHanHs 3anopi3bKoi
JIepKaBHOT MAIIMHOOYMIBHOT aKaaeMii

12.45 Cepriii €puoB — kadenpa 00poOku MeTaliB
TUCKOM JIHIIPOBCHKOTO JIEPKABHOTO
TEXHIYHOTO YHIBEPCUTETY

13.00 TIlepepsa

14.00 TIIpencrasuuk kommnawii "CEHTPABIC
IMPOJAKIIH FOKPEMH"

14.25 TlpencraBuuk kommanii "THTEPITAMIT"
1450 [IIpencraBuuk kommanii "€BPA3 JIM3"
15.15 €sren udpin — AT "HATI"

15.40 Onexcanap ['on0BKO — iHCTUTYT
Marepiano3HaBcTBa ['aHOBEPCHKOTO
yHiBepcuTeTy iM. JleHOHuIs

16.05 Onekcanap boOyx — EHTp MiATPUMKH
Kap’€pH Ta MpaleBIalTyBaHHI
HauionansHO1 MeTanypriiHoi akaaemii
Ykpainu

16.30 BsuecnaB bosipkiH — HEHTp MiITOTOBKY Ta
HaBYaHHS 1HO3€MHHUX CTyIeHTIB Hartionasns-
HOI MeTanypriiHoi akagemii YKpaiHu

16.55 JIumckyccist Ta popMyIIFOBaHHS BUCHOBKIB

Dopatok 1/ Add. 1
The sequence of program reports

of the 11-th International Scientific and Technical

Conference
"Plastic Deformation of Metals"*

National Metallurgical Academy of Ukraine

23 May, 2017

Session is at the 3-rd floor of the library NMetAU.

Moderator Ya. V. Frolov (OMT)

10.00
10.15

10.40

11.05

11.30
11.55

12.20

12.45

13.00
14.00

14.25
14.50
15.15
15.40

16.05

16.30

16.55

Conference opening

Andriy Samsonenko — Metal Forming
Department, National Metallurgical
Academy of Ukraine

Florian Niirnberger — Institute of Material
science, Leibniz University of Hannover

Olexander Grydin — Institute of Material
science, Paderborn University

Nikolai Biba—MICAS SIMULATION LTD

Volodymyr Kukhar — Metal Forming
Department Pryazovskyi State Technical
University

Yosyp Ohyns'kyy — Department of
metallurgical equipment, Zaporizhzhia
State Engineering Academy

Serhiy Yershov — Metal Forming
Department, Dniprovsky State Technical
University

Break

CENTRAVIS PRODUCTION UKRAINE
representative

INTERPIPE representative
EVRAZ DMZ representative
Yevhen Shyfrin — DP "NDTI"

Oleksandr Golovko — Institute of Material
science, Leibniz University of Hannover

Oleksandr Bobukh — Career and
Employment Center, National Metallurgical
Academy of Ukraine

Vyacheslav Boiarkin — International
Students Office, National Metallurgical
Academy of Ukraine

Discussion and conclusion

Xl International Scientific and Technical Conference "Plastic Deformation of Metals"
Metal Forming department. National Metallurgical Academy of Ukraine
www.metal-forming.org
Dnipro 22-26 May 2017
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Dopatok 2 / Add. 2

Te3u 10MOBIACH HATIPAMKY Abstracts of reports on the Topic
Po3paxynku ma mooenro8anus Calculations and simulation of metal flow
dopmosminu memany
OnuHAIIATOT MiXKHAPOIHOT HAYKOBO-TEXHIYHOT of the 11-th International Scientific and Technical
KOH(epeHIIii Conference
"Ilaacruuna gedgopmauist Mmeramis’’, ""Plastic Deformation of Metals™
B HaumonanbHiii MeTanypriliHiii akagemii Ykpainu, National Metallurgical Academy of Ukraine
24 tpasusa 2017 p. 24 May, 2017
3acifiaHHs IPOXOIUTH B AyAUTOPIi A. Session is at the Lecture Hall A.
Yac novatky KO>KHOI JOMOBili MOJKHA Y3HATH TIepen Time of presentation you will know before the
3aCiJIaHHsAM Y MOJIEpaTopa session from moderator

KOHLIEILII MATEMATUYHUX MOJEJIEH ITPOLIECIB OBPOBKH METAJIIB TUCKOM
I'punxesuu B. O.

CydacHi MaTeMaTHuH1 MoJieJl (KOHLIEIIIiT) MpOoIleciB MeTaIiB THCKOM 3a3BUYail BKIIOYAIOTh B ce0e
HACTYIHI KOMIIOHEHTH: CUCTEMa PiBHSHB, III0 OMHUCYE TPoLecC (PIBHIHHS, IO OMUCYIOThH BIACHE
IUTAaCTUUHY Ae(opMallio; pIBHSIHHS, 1110 OMKUCYIOTh TEIUIOBUM CTaH MeTally; PiBHSIHHS, 110 OIMHCYIOTh
PO3BHUTOK MIKPOCTPYKTYPH); IIOYATKOBI YMOBH; TPAaHHYHI YMOBH.

Bynp-sika MaTremMaTHuHa MO/IEb 0a3y€eThCs HA IEIKOMY CHPOILEHHS (PI3MUHUX MPOLIECIB, SIKI BOHA
ormcye. CriporeHHs (200 TomyIieHHs ) 6arato B YoMy BU3HAYAIOTh aJCKBATHICTB, 11O CYTI, SIKICTh ITUX
MOJIEJIEH.

OCHOBHI J10MyILEHHS, 110 JIEXKaTh B OCHOBI Cy4aCHUX MOJeNeH, BITHOCATBCS JJO: MEXaHIKU
ne(GopMOBaHOTO TBEPAOTO TiNa; TEIUIO(I3UKY; (i3UKH TUTACTHYHOT JedopMalii HOTIKPUCTAITIYHOTO
TiJa; MOYATKOBUX YMOB; IPAHUYHUX YMOB.

S0 0OMEXUTHCS TUTBKU MEXaHIKOIO 1 TeMI0(i3uKOI0 mporecy o0poOKH MeTaliB THCKOM, TO
TOJIOBHI MPOOJIeMU MaTeMaTUYHUX MOJieNeil PeICTaBIAI0ThCS TAKUMHU: BIICYTHICTh aJIeKBAaTHOI
MaTeMaTHYHOI TeOpii BEIMKHUX TUIACTUYHUX JAe(opmMalliif; BIACYTHICTH CIIBBIAHOLIEHb, L0
6e3mocepeIHbO MOB'SI3yI0Th JeopMalliifHy 1 TEMI0BY KpaloBi 3aJaui; HEJIOCTaTHE OMPAIFOBAHHS
IIBUJIKUX aJITOPUTMIB pO3B'si3aHHs KpaioBux 3a1au OM/], B T.4. B pexXHMi peajJbHOro yacy.

Sxmio nepia 1 1pyra 3a3HadeHi BUILE TPpo0sieMu € QyHIaMEeHTaIbHUMU, TO TPETS HOCUTh
NpUKIagHuil XapakTep. li BUpillleHHs MOKJIMBE MPH HOJATLIIOMY ONpPAIIOBAaHHI, 30KpeMa, METO/IiB
MPSIMOTO PO3B’sI3aHHS, 1110 po3pooIsitoThes B cepeanHi 2000-x pokiB.

CONCEPTIONS OF MATHEMATICAL MODELS OF METAL FORMING PROCESSES
Grinkevich V. O.

A modern mathematical models (conceptions) of the metal forming processes typically includes the
following components: the system of equations describing the process (the equations that describe the
proper plastic deformation; the equations that describe the thermal state of the metal; the equations that
describe the evolution of the microstructure); initial conditions; boundary value conditions.

Any mathematical model is based on a certain simplification of the physical processes that it describes.
Simplifying (or assumptions largely determine the value, in fact, the quality of these models).

The key assumptions underlying the current models are as follows: in the field of mechanics of the
deformed solid body; in the field of thermal physics; in the field of plastic deformation of
polycrystalline Physics; in the area of initial conditions; in the area of the boundary conditions.

XI MixkHapogHa HayKoBo-TexHiuyHa KoHdepeHLuisa "MnactnuHa gedopmauia mertanis"
Kaghedpa 0b6pobku memarnie muckom im. akad. O. I1. Yekmapsosa. HayioHanbHa memanypeiliHa akademis YKpaiHu
www.metal-forming.org
AHinpo 22-26 tpasHa 2017 poky
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If we confine ourselves only to mechanics and thermal physics of metal forming processes, the main
problems of mathematical models are presented as follows: lack of adequate mathematical theory of
large plastic deformations; the lack of equations, directly linking the deformation and thermal
boundary value problems; insufficient elaboration of fast algorithms for solving boundary value
problems of metal forming, including in real time.

If the first and second problems mentioned above are fundamental, the third is essentially an applied
nature. Its resolution is possible with further development, in particular, direct solution methods,
developed in the mid-2000s

PACYET HAIIPSIDKEHUIM B CTAHMHAX KPHMBOIIUITHBIX [TPECCOB OTKPLITOI'O TUITIA
B YCJIOBUAX BHELHIEHTPEHHOI'O ITPUJIOKEHWA CHUJIbI IHTAMITOBKI
OTHOCHUTEJIBHO OCH ITOJI3YHA

Kyxapwv B. B., Aniwyenxo O. C., [nazxo B. B.

PoboTa mpucBsyeHa 3aCTOCYBaHHIO METOAY HWJIIHAPHYHUX TEpEPi3iB U aHAITI3Y HAIIPYKEHO-
nehOpMOBAHOTO CTaHy B CTIHKaX BIKPUTHX CTAaHUH KPUBOIIMITHUX mpeciB. OcolnuBa yBara B poOoTi
NPUILISETHCS] OCOOIUBOCTAM BUOOPY 1 MOOYAOBU PO3PAXYHKOBUX CXEM MPU €KCLIEHTPUYHUX
HaBaHTAXXCHHAX. Byln BUBe/IEH1 3aI€KHOCTI UIsl pO3paxyHKY HANPYKEHb MPH BiIEHTPOBOMY
HABaHTa)XEHHI y KpalHixX Touykax ciabkoro nepetuny C-o0pa3Hoi CTaHUHU Ha MPUKIaIi
kpuBommmHoro npeca KJ{ 2322E. 3a miacyMKoM JOCTiIKEHb 3p00JIeHi BUCHOBKH 111010
3aCTOCOBHOCTI METO/IiB TUIOCKHX 1 IIMJIIHAPHYHKX TEepepi3iB I MPUKIATHAX PO3PAXYHKIB.

CALCULATION OF STRESSES IN THE STANDS OF CURVESHIP PRESSES OF THE OPEN
TYPE IN THE CONDITIONS OF THE VNC-CENTER APPLICATION OF THE FORCING
POWER REGARDING THE AXIS OF THE SLEEP

Kukhar V. V., Anishchenko O. S., Hlazko V. V.

The chapter is devoted to application of the cylindrical cross-section methods for analysis of the stress-
strain state in the uprights of open frames of crank-presses. Special attention is paid to the peculiarities
of the selection and construction of numerical schemes with eccentric loads. Dependencies have been
derived for the calculation of stresses with eccentric loading at the extreme points of the weak section
of the C-shaped frame using the example of the crank-press KD 2322E. The conclusions, based on the
results of the research, were drawn about regarding applicability of the methods of planar and
cylindrical sections for applied calculations.

JOCBIZ 3ACTOCYBAHHA ITPOI'PAMUM QFORM 1JIA1 MOJIEJITOBAHHA ITPOLIECIB OMT B
[MPOMUCIIOBOCTI, OCBITI TA JOCJIIPKEHHAX

biba H. B.

VY craTTi y3arajabHEHO JOCBIJ po3poOKH Ta 3acTocyBaHHs mporpamu QForm m1st 3amau 00poOku
MeTaniB THCKOM. [Toka3aHa BayKIMBICTh BUPIMICHHS 3aBIaHb AedopmMarlii MeTary CIijbHO 3
PO3paxyHKOM MPOTHHY, HAMPYT 1 TeMIepaTypu B iHCTpyMeHTi. HaBeneH1 nmpukiiaau 3acTOCyBaHHS
IporpaMy B IPOMMCIOBOCTI JJIs 3a1100iraHHs 1e(eKTiB Teuil, 3SHUKEHHS BUTPATH METaly 1
M1JBUIIEHHS CTIHKOCTI IITAMIIOBOIO IHCTpYMEHTY. B 00nacti nociipkeHb oKaszaHi epeBaru
CTBOPEHHS CIeLiaIbHUX MOJIeNIel MaTepialy HIIIXOM porpaMyBaHHs B cepenoBuili QForm s
BpaxyBaHHS BIUIMBY CTPYKTYpPH 1 BIaCTUBOCTEH Ha Iepedir MeTay i AKiCTb 0JIepKyBaHUX BUPOOIB.
[TpocToTa BUKOpHUCTAHHS IPOTPAMH POOUTH 11 TOCTYITHOFO JISI HABYAHHS CTY/ICHTIB, IO CIIPHUSIE
MABUILEHHIO SIKOCT1 OCBITH

Xl International Scientific and Technical Conference "Plastic Deformation of Metals"
Metal Forming department. National Metallurgical Academy of Ukraine
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THE EXPERIENCE OF QFORM PROGRAM IMPLEMENTATION TO THE TASKS OF METAL
FORMING SIMULATION IN INDUSTRY, EDUCATION AND RESEARCH

Biba N. V.

The paper summarises experience of development and implementation of the program QForm for the
tasks of metal forming simulation. The importance of coupled modeling of the material flow and die
deflection, stress and temperature is emphasized. The industrial case studies illustrate use of simulation
for elimination of material flow defects, material saving and extending tool life. Built in programming
facilities provide possibility to create specific material models to study the influence of microstructure
on the material flow and product properties that is very important in the field of research. The program
user friendliness makes it suitable for students training that helps education.

MCE AHAJII3 BATATOILIAPOBHX TA IIOJIII'OHAJIbHUX TPYB U1 BUPOBHULITBA
MMIABOJHNX HIJTAHI'OKABEJIIB

@ponos A. B., lllanep M., Anopees A. K., I'onosxo O. M., I puoin O. IO., Camconenxo A. A.,
Cmonbuenko M. IO.

TpyOu g nutanrokabesiB, sIKI HIMPOKO BUKOPUCTOBYIOTHCS IIpU BUI00yBaHHI 11eab(GoBoi HadTh Ta
rasy, MiJIal0ThCsl HABAaHTAXKEHHAM MEXaHIYHOTO Ta KOPPO3iiHOro Xapakrepy MijJ yac iX NpoKIaJaHHs
Ta MOAATBINOI eKcITyaTamnii. 3abe3neueHHs HaIiifHOCTI Ta TOBrOBIYHOCTI X TPYO 3yMOBIICHO, SIK
IIPAaBUJIO, BAKOPUCTAHHAM 1HHOBALIMHUX MaTepialliB 3 MOKPALIEeHHUMH BlacTUBOCTAMU. O/1HAK,
BUKOPUCTaHHS TaKUX MaTepHajIiB HalyacTille NPU3BOJUTH JI0 CYTTEBOTO MiIBUIIEHHS BUPOOHUYNX
BUTPAT, a TAKOXK HE 3aBXK/IM Ta HE B MIOBHII Mipi MOKE TapaHTyBaTH BiJIIOBITHICTh BUMOTaM JI0
MIITHICTHUX Ta KOPO3iMHUX BIIACTUBOCTECH.

TpyOu g nutanroka0eniB 31 SMIHHUMH BIACTHBOCTSAMU MO MOMEPEYHOMY Mepepizy, SKi MOXKYTh
BUPOOJISATUCS Yy BUTIISAI OaraTomapoBoi KOMITO3UIIiT OKpEMHX TPYO 13 pi3HUX MaTepialiB 3
HEOOX1IHUM PIBHEM MEXaHIYHHUX Ta KOPO31MHUX BIACTUBOCTEH B KOXKHOMY IIIapi, MOKe OyTH
BUT1/IHUM 3 TOUKH 30py BUPOOHMUYHUX BUTPAT Ta PE3YJbTYIOUOi IKOCTI BChOTO LIUIAHTOKa0emsl. AHali3
MOBEAIHKM OaraTomapoBoi TpyOH JUIs ITaHTOKaOeiB MiJ] A1€10 PI3HOMAHITHUX HaBaHTaKEHb, a TAKOX
MOPIBHSIHHS 3 MOBEJIHKOIO CYLIJIbHOI TPyOH OyJI0 IPOBEAECHO 3a JOMOMOI00 MATEMaTUYHOI O
MO/IEJIFOBAHHS Ha OCHOBI METOJly KIHIIEBUX €JIeMEHTIB. BUKOpUCTOBYBaHI IpU MOJIENIOBaHH1
HABaHTA)XCHHS BIAMOBIAIM HAaBAaHTAXKEHHSM, SIKi BUHUKAIOTh B IIIJITAHTOKA0e! Mij] yac eKcIulyaTaiii, a
TaKOX HaBaHTAKEHHSM, sIKI BUHUKAIOTh B TPyO1 Mmij yac ii MexaHiuHoro BunpoByOanHs. [lokaszano, 1o
MeXaH14Hi BJaCTUBOCTI 6araTromapoBoi Tpyou 3 0JTHOTO MaTepialy MmoJ1i0H1 10 BIacCTUBOCTEH
CYLJIBHOT TpyOH 3 Toro *k Matepiany. OnHak, B 6araToaposiii TpyOi, mmapu sKoi BUPOOJIeH] 3 pi3HUX
MarepiaiaiB, MOKe OyTH TOCATHYTO OJHOYACHE TiBUIIEHHS MIIIHICTHUX Ta TJIACTHHUX
xapaktepucTuk. Kpim Toro, B Oararomaposiii TpyOi BUHHKaOTh MEHII1 TaHT€HI1aIbH1 HAIIPYXEHHS
IIPU IPUKJIIAIEHH] KPYTSAILIOI0 MOMEHTY, 1110 NOSCHIOETHCS B3aEMHUM NPOCKOB3YBaHHM 11apiB. Takum
YHHOM, OaraTouiapoBi TpyOu /Ui HUTAHTOKa0esiB MOKYTh MAaTH OJTHOYACHO I1JIBUILIEHHY KOPO31iHY
CTIMKICTh Ta MEHBIIY Bary y MOpiBHSAHHI 3 CYyLIJIbHOIO TPYOOIO.

ATnbTEpHATUBHUM BapiaHTOM BUKOHAHHS BUMOT 111010 HAAIMHOCTI Ta JOBrOBIYHOCTI TPYO AJis
IJIAHTOKa0e B PU BIIHOCHO HEBEJIMKUX BUPOOHMYMX BUTPATaX € BUKOPUCTAHHS MOJITOHATBHUX
TpyO. /IBa OCHOBHUX TUIH MOJITOHATBHUX TPYO OYJIM PO3IIISHYTI: THUI 'MIECTUTPAHHUK IS
BHYTPIIIHBOI YACTUHU Ta THII "3ipKa’ JUIsl 30BHINIHBOT YaCTHHU IIJIaHrokabento. TpyOu Takoi ¢popmu
MaroTh OUTBIIT MOMEHT iHEpIii Ta MOMEHT 1HEpIIii epepi3y y MOpiBHSAHHI 3 KPYTJIoko Tpy0oro.
[TokazaHo, 1110 BUKOPUCTAHHS TPYO 3 MOMEPEUHUM MEPEPi3oM THUIY ''THECTUTPaHHUK' Ta TUMY ''3ipka’
3aMICTh KPYIJIMX TPYO 03BOJIs€ 301IBIIUTH 3arajibHy THYUKICTh IITaHrokabento. Kpim toro,
BUKOPUCTaHHA TaKUX TPyO 3amo0irae BAHUKHEHHIO JIOKAIbHUX TUIACTUYHUX Aedopmaltiii B CTIHII
TpYyOH Mi/l HABAaHTAXKEHHSIM.

XI MixkHapogHa HayKoBo-TexHiuyHa KoHdepeHLuisa "MnactnuHa gedopmauia mertanis"
Kaghedpa 0b6pobku memarnie muckom im. akad. O. I1. Yekmapsosa. HayioHanbHa memanypeiliHa akademis YKpaiHu
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FEM ANALYSIS OF MULTILAYER AND POLYGONAL PIPES DESIGNED FOR SUBSEA
UMBILICAL PIPELINES

Frolov Ya. V., Schaper M., Andreev A. K., Golovko O. M., Grydin O. Yu., Samsonenko A. A.,
Stolbchenko M. Y.

Umbilical pipelines, which are widely used in offshore industry, undergo both mechanical and
environmental loads during their mounting and service. To ensure reliability and durability of
umbilical pipelines an application of novel materials with advanced properties is required. On the other
hand, an application of such materials increases production costs and nevertheless, does not guarantee
complete fulfilment of requirements on mechanical properties and corrosion resistance.

Pipelines with tailored properties across the wall thickness, which can be produced as a multi-layered
composition of separate pipes of different materials with adjusted mechanical properties in each layer,
seems to be advantageous in the context of production costs and resulted quality of whole pipeline. A
comparative FEM analysis has been performed, to analyze behavior of multi-layered pipe under
different types of loading and compare it with behavior of solid pipe. Applied loading types were
chosen in accordance with loads, which are common for exploitation conditions of umbilical pipelines,
as well loads, which are common for mechanical testing of pipes. It has been shown, that mechanical
properties of multi-layered pipes with layers of the same material are similar to those of solid pipe.
However, in case of layers of different materials higher strength and ductile properties of the whole
composite pipe can be achieved. In addition, tangential stresses in multilayer pipe under twisting load
have lower values than in solid pipe due to slippage of layers. Thus, multi-layered pipes exhibit higher
corrosion resistance as well as reduced weight in comparison with solid pipe.

Another possible way to fulfil requirements on reliability and durability of umbilical pipelines with
relative low production costs is to apply polygonal pipes. Two main types of polygonal pipes have
been studied: "hexagonal” for inner part and "star" shaped for outer part of umbilical pipeline. These
pipes have bigger moment of inertia and second moment of area in comparison with common round
pipe. It has been shown, that usage of "hexagonal” as well as "star" shaped pipes instead of the round
pipes allows to increase flexibility of umbilical in general. In addition, it prevents possible local plastic
deformation of pipe‘s wall under payload.

MOJIEJIIOBAHHS ITPOLIECY BAJIKOBOI PO3JIMBKU-TTPOKATKU IITAB 3
[TPOPUIBOBAHUM ITOITEPEUHUM IIEPEPI3OM B KIHIEBO-EJIEMEHTHOMY
CEPEJOBMUIII ANSYS FLOTRAN

bonoapenxo C. B., I'puoin O. IO.

Po6oTa mpucBsyeHa NTUTaHHIO BUPOOHUIITBA ITA0 3 MPO(IILOBAHUM ITOIIEPEUHUM MEPEPIZOM 3
QIIOMIHIEBUX CIUIABIB Ha arperarax BaJKOBOI pO3JMBKHU-TIPOKAaTKU. HaBoAUTHCS KOpOTKa iH(pOpMarlis
10 MMPOTIOHOBAHOMY 1HHOBAI[IHHOMY METOAY BUPOOHUIITBA MPOQ1IbOBAHUX 1ITA0, a TAKOXK
NpeJICTaBJICHI Pe3yIbTaTH TEOPETHYHOTO aHAJi3y TAaHOTO TPOIIECy 3 BUKOPUCTAHHSAM KiHIEBO-
eneMeHTHoro cepenoBuiia Ansys Flotran. Metoro mpoBeieHHS cepii KOMI'FOTEPHUX MOJIEIIOBAHb €
BU3HAYEHHS BIUIMBY Pi3HUX TEXHOJOTTYHUX MapaMeTpiB MPOIECy BAJIKOBOI PO3IMBKU-TIPOKATKH HA
TaKi XapaKTePUCTUKU OJIEPKYEMHX IITA0 3 MO iIbOBAaHUM MONIEPEYHUM MEPEPi30M, SIK CTYMIHb
nedopMallii MeTally B IBOBaJIKOBOMY KPHCTaJ3aTopi, TEMIEpaTypa 1 MBHUJIKICTh BUXOAY IITa0H 3
BaJIKiB. OTpHUMaHi pe3yabTaTH 103BOJISIIOTH PO3POOUTH TEXHOJIOT1I0 BUPOOHUITBA MPO(1IHOBAHUX B
HOTEpPEeYHOMY Tepepisi mTad BUCOKOT IKOCTI METOIOM BaJIKOBOI PO3JIMBKH-TIPOKATKH.

Xl International Scientific and Technical Conference "Plastic Deformation of Metals"
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THE TWIN-ROLL CASTING PROCESS MODELING OF THE STRIPS WITH A PROFILED
CROSS-SECTION IN THE FINITE ELEMENT ENVIRONMENT ANSYS FLOTRAN

Bondarenko S. V., Grydin O. Yu.

This work deals with question the production of strips with profiled cross-section from aluminum
alloys on twin-roll casting units. Presented short information of the proposed innovative method of
production of profiled strips, as well as presented results of the theoretical analysis of this process
using finite element environment Ansys Flotran. The aim of the computer simulation series is to
determining the influence of various technological parameters of twin-roll casting process on
characteristics of received strips with profiled cross section, such as degree of deformation in two-roll
metal mold, the temperature and finishing speed after rolls. The obtained results allow to develop a
technology for the production of profiled in cross-section high quality strips by twin-roll casting.

MOJIEJTFOBAHHS ITPOLIECY CITUIBHOI [TPOKATKM JIBOX AJIIOMIHIEBUX IIITAB
METOAOM KIHHEBUX EJIEMEHTIB B IIPOITPAMHOMY ITPOJIYKTI Q-FORM

Maxeesa A. C., YVeapos 1., I puoin O. IO., Pemes O. A.,®@ponos A. B.

l'onoBHa ines 1aHo1 poOOTH — EKCIIEPUMEHTAIBHE Ta TCOPSTHYHE JOCIIKSHHS MPOIIECY CITUTLHOT
mpokatky amoMinieBux mtab craBy EN AW-1050. TeopetnuHa yacTuHa AOCHTIKEHb MPOBOIUIIACS
B IPOTpaMHOMY MpoayKTi Q-FOorm. MozentoBaHHS 1aJI0 MOXKIIMBICTh BUBYMTH HAMPYKEHO-
nedopMOBaHHI CTaH 1 TeMIepaTypHe MoJjie MeTany B ocepelky Aedopmartii. B qomosiai onucanuit
MIPOILIEC 3BAPIOBAHHS ATIOMIHIEBUX MTA0 Ta MPECTABICHI PEe3yIbTAaTH MOICIIOBAHHS TAHOTO MPOIIECY.
[Tig yac mocnmiKeHb MPOBEACHA CepPisi eKCIEPUMEHTAIBHUX MPOKATOK, a TAKOXK MOJICIIOBAHHS 3
METOI0 BU3HAYCHHSI BIUTMBY TAaKMX TEXHOJIOT1YHUX MapaMeTpiB BEJACHHS MPOIIECY SIK TEMIIepaTypa,
CTYIiHb AedopMallii Ta JiaMeTp MPOKATHUX BAJIKiB HA CUITy MIPOKATKH Ta SIKICTh 3’ €IHAHHS Ta0. B
pe3ynbTaTi poOOTH OTPUMAaHa 3aJI0BLTbHA 301KHICTh EKCIIEPUMEHTATBHIX Ta TCOPETUIHHX JAHUX O
cuti ipokatku. KpiM Toro, Bu3HaueHi 0COOJIMBOCTI MOJIEIOBaHHS MPOKATKU ABOIIAPOBUX
KOMITO3UI1{ B porpaMHOMy npoykTi Q-Form.

THE JOINT ROLLING PROCESS SIMULATION OF TWO ALUMINUM STRIPS BY FINITE
ELEMENT SOFTWARE PRODUCT Q-FORM

Makeeva A. S., Uvarov I., Grydin O. Yu., Remez O. A., Frolov Ya. V.

The main idea of this work is the experimental and theoretical study of joint hot rolling process of
aluminum alloy strips EN AW-1050. The theoretical part of the research was carried out in the
software product Q-Form. Simulation made it possible to study stress-deformed state and the
temperature field of the metal in the deformation zone. The process of welding aluminum strips and
the results of the process simulation were described in the report. During the research the series of
experimental rollings were carried out as well as simulations to determine the effect of such
technological parameters of the process as temperature, degree of deformation and the diameter of the
rolls on the rolling force and the quality of the strips connection. As the result of research the
satisfactory convergence of experimental and theoretical data about the rolling force was received.
Moreover, the rolling simulation features of bilayer compositions in the software product Q-Form were
defined.
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Tesu pomoBigeii HAPSIMKY Abstracts of reports on the Topic
CmpyKmypoymeopenHs, 61acmueocmi ma Formation of metal’s structure and properties;
mepmiuna 00pooKa deopmosanux eupooie heat treatment of products
OnuHAAIATOT MIXKHAPOTHOT HAYKOBO-TEXHIYHOT of the 11-th International Scientific and
KOH(epeHIIil Technical Conference
"TnacTuuna nedpopmanisi MeTamis'', ""Plastic Deformation of Metals""
HarnwonansHa Metanypriiina akaaeMis YKpaiHu, National Metallurgical Academy of Ukraine
24 tpasus 2017 p. 24 May, 2017
3aciganHs npoxoauTh B Ayauropii B. Hac Session is at the Lecture Hall B. Time of
NIOYaTKy KOKHOI JIOTIOBI/Ii MOKHA y3Hatu mepen  presentation you will know before the session
3acCiJaHHsIM y MOJepaTopa from moderator

BIUIMB I'APAYOI'O ITPECYBAHHSA BIAIUEHTPOBOJINTUX 3AT'OTOBOK HA
CTPYKTYPOYTBOPEHHA ITPU OTPUMAHHI TOHKOCTIHHUX TPVYDE 31 CTAJII
40X25H20C2

I'voenxo C. I., bBanesa IO. 1., becnanvko B. H.

JlocnimkyBaiy MIKpOCTPYKTYpy ropsiaeieopMoBaHux TpyO 3 BigneHTpoBomTol ctamu 40X25H20C2
micist rapstuoro npecysanss Temieparypi 1100...1275 °C 31 ctynensmu aedopmartii € 12...90%.
BukopucToByBany MeToAM JOCHTIHKEHHS: MeTajorpadiuauii (ONTUYHA 1 eEKTPOHHA MiKPOCKOTIIs —
Heodor-21, "Tesla", EMB-100B, peatrenoctpykryphuii arainis (JIPOH,2.0). BcranosieHo, 1o
IiABUILEHHS TEMIIepaTypu aedopMariii mpu raps4oMy IpecyBaHHI 3arOTOBOK 3 BiJIIEHTPOBOJIUTOT
ctani 40X25H20C2 crpusie 3HIKEHHIO CTyTeHs Aedopmaliii, He0OXiTHOT IS TOYaTKy AMHAMIYHOT
pekpicramtizanii. BusiieHo, mo 3a 0yap-akoi Temreparypi aedopmariii icHye iHTepBa CTyIEHIB
nedopmaltii, Ipu IKOMY CIIOCTEPIra€ThCsi MAKCUMallbHA POJIb JUHAMIYHOT peKpHcTai3alii B
CTPYKTYpHUX 3MiHax. [Toka3zaHoO, 110 OCHOBHIUMH IPOIIECAMH BiIHOBIICHHS CTPYKTYPH
ropsiueie()OpMOBaHHOTO ayCTEHITY € TUHAMIYHI TOBEpHEHHs 1 oJIiroHi3anii. BcranoBneHo, 1o
rapsiaa nedopmaitis npecyBaHHsM BianeHTpoBoToil ctaini 40X25H20C2 npu Temneparypi
1100...1250 °C crpusie ApoGIIeHIO ayCTEHITHUX 3€pEeH B NOPIBHAHHI 3 JUTUM CTaHOM, (JOPMYBaHHS B
HUX JedopMaliiiHiii CyOCTPYKTYpH, a TAaKOX MEPEPO3NOALTYy KapOlAHUX BKIIIOUEHb B HAPSIMKY
nedopmaltii 1 BUAIICHHIO JUCIIEPCHUX YaCTUHOK B Ipolieci Aedopmallii Ha KOpJIOHaX 3epeH 1 B MIiCIIIX
CKYMUYEHHS JeQEKTIB KpUCTaIIYHOI Oy/10BH, 110 CIIPUSIE TUCIIEPTUPYBaHHUIO KapOinHoi ¢azu. [Ipu
temmneparypi aedopmartii +1275 °C nposiBiseThCsl HECTaOUIbHICTh Y (OPMYBaHHI 3epeH CTPYKTYpH,
NOB'sI3aHa 3 BUX1IHOI pa3HO3EpHICTUMI. 3a pe3yabTaTaMHu MeTanorpadiyHuX 1 pEeHTTEHOCTPYKTYPHUX
JIOCITIJIKEHb €BOJIIOLIT IUCIIOKAIIIHOT CyOCTPYKTYpH ayCTEHITY B MPOLIECi Tapsiuoro MpecyBaHHs
3aroTOBOK 3 BiAeHTpoBOHTOI cTani 40X25H20C2 BCTaHOBIIEHO, 1110 TIPH BCIX JTOCHIIKEHUX
TEMIIepaTypax rapsyoro NpecyBaHHs YTBOPIOEThCS AMHAMIUHA MOJIrOHaIbHA CYOCTPYKTYpa, O/IHAK,
1HTEpBaJl CTYIEHIB AegopMallii, Ipu K1 BOHA POPMYETHCS 3aJ€KUTh BiJl TEMIIEPATypH Tapsdoro
npecyBaHHs. PO3rIsIHYTONPUYMHU3HIKEHOTEXHOIOT1YHOIMIIACTUYHOCTIBIIIIEHTPOBOIUTOICTAIN
40X25H20C2.

EFFECT OF HOT EXTRUSION CENTRIFUGAL BLANKS ON THE STRUCTURE AT THE
OBTAINING OF THIN WALL TUBES FROM 40H25N20S2 STEEL

Gubenko S. I., Baleva Y. I., Bespal'ko V. N.

The microstructure of hot-deformed pipes of centrifugally cast steel 40H25N20S2 after hot pressing
temperature of 1100...1275 °C with a degree of deformation € 12...90%. We used methods of
investigation: Metallographic (optical and electron microscopy — Neofot-21, "Tesla", EMW-100B,

Xl International Scientific and Technical Conference "Plastic Deformation of Metals"
Metal Forming department. National Metallurgical Academy of Ukraine
www.metal-forming.org
Dnipro 22-26 May 2017
12



Mporpama Ta Te3n aonosianen / Program and abstracts of reports

X-ray agaliz (DRON,2.0) has been established that the deformation temperature increase during hot
extrusion billets from steel centrifugal 40H25N20S2 reduces the degree deformation required to start
dynamic recrystallization. Identified that the strain at each temperature there is a range of degrees of
deformation, in which there is a maximum role of dynamic recrystallization in structural changes. It
has been shown that the basic process of reconstructing the structure of hot-austenite are dynamic and
polygonization return. It was found that the hot compressing centrifugal deformation steel
40H25N20S2 at temperatures of 1100...1250 ° C promotes fragmentation of austenite grains as
compared with a molded state formation therein of deformation substructure, as well as redistribution
of carbide inclusions in the direction of deformation and release of the dispersed particles during the
deformation at the grain boundaries and congregate defects in the crystal structure that facilitates
dispersion of the carbide phase. At a temperature of 1275 °C, deformation instability manifests itself in
the formation of the grain structure, associated with the original assorted. According to the results of
metallographic and x-ray diffraction studies of the evolution of the dislocation substructure of the
austenite during the hot-pressing pieces of steel centrifugal 40H25N20S2 it found that for all hot-
extrusion temperatures investigated formed dynamic polygonal substructure, however, deformation
degree interval at which it is formed depends on the temperature of hot pressing. The causes of low
technological plasticity steel centrifugal 40H25N20S2.

BOJIHO-TIOBITPSHE CITPEMEPHE OXOJIOJI)KEHHS TP TEPMIUHI OBPOBLII
MWJITHAPUYHUNX 3PA3KIB

@ponos A., Hiopubepeep @., Borvg. JI., I'onosko O.

Pe3ynbratu 1p0Oro 10CHiHKEHHSI MOXKYTh OYTH KOPUCHI MPU AOCTIIKEHHSIX IHTErPOBAHUX
BUPOOHUYHX MPOIIECIB, B TOMY YHCIII METaIly, IKHH YTBOPIOE 1 MOJAIBIIOI TEPMi4HOT 00pOOKH, 3
METOIO JOCSTHEHHsI IEBHOI CTPYKTYPH METally 1 BJIaCTUBOCTI MPOJIYKTY.

CrpeliepHe 0XOJIO/PKEHHS, B 3aJIeKHOCTI Bi HOpMH 1 po3Mipy MPOAYKTY i TUTOMHUX BUTPAT BOAM Ta
MOBITps 320€3MeuyI0Th MBUIKICTh 0X0N0KeHHs B AianaszoHi 10...300 K/c. Takuii giana3on nae
XOpOI1 MOKJIUBOCTI JUIs YIIPABIIHHS CTPYKTYPOIO 1 BIaCTUBOCTIMH MeTamny. Lle n1o3Bonuthb
BUKOHYBAaTH MPOLECH, TaKi SIK ''TapTyBaHHA-BIANYCK" Ta "rapTyBaHHA-CTapiHHS . Pi3HUIIO B
TEeMIIepaTypax B TOM ke yac JUIsl BCIX JOCTIKYBAaHUX PEXKUMIB OXOJIOKEHHSI 100JIU3Y
OXOJIO/DKYBaHO1 MOBepxHi (1 MM) U1 eKCIEpUMEHTIB MO>KHA BBAXKATH MPOTMOPLIHHOIO BIICTaHI MIX
TOYKaMH BUMIPIOBaHb 3 IOCTaTHbOIO TOUHICTIO. Ha riubuHi 5 MM crioctepiraiocst He3HauHe
MOPYUIEHHS IPOMOPLIHHOCTI 3MIHIOEThCS B IIONIEPEYHOMY Tepepi3i TeMnepaTypu. Takum YuHOM,
PO3TIOLT TEMIIEPATYPH IO MEPETUHY 3pa3Ka BUMAarae MoJalIbIIOro JOCIHIPKEHHS TSl BU3SHAYCHHS MEX
BIUIMBY PO3MMJIIOBAaYa OXOJIO/KEHHS 1 OXOJIOKYI0UHil e(heKT uepe3 CTOpOHY 3paska.

UYepes HeniHiMHY (popMy KpUBHUX NaJA1HHS TEMIIEPATYPHU U1 OTPUMAHHS KUTbKICHUX 3aJI€KHOCTEN
IIBUJIKOCT1 OXOJIOJKEHHS B1Jl TapaMeTpiB OXOJIO/PKEHHS PO3MMIICHHS, JOLUIBHO BUKOPUCTaHHS B
nianasoni remrepatyp (800...500 °C) mist 3pa3kiB ctanu. Takuit crioci® momaiOHMit 10 MBUAKOCTI
OXOJIO/DKEHHS 8/5, IHUPOKO BUKOPHCTOBYETHCS B TEXHII[l 3BAPIOBAHHS.

Bymo Bu3HaueHO, 1110 MHOXXEHHS BiTHOCHOI BUTPATH BOAM B BOJIHO-TIOBITPSHOMY OXOJIO/KCHHI
po3nuiIoBaya 3abe3neyye He MPONOPLiiHI IIBUIKOCTI OXOJIOPKEHHS 3 UUCTOIO 3aTPUMKOI0. Bruius
BIJIHOCHO1 BUTPATH BOJM B1J IIBUJIKOCTI OXOJIO/PKEHHS 3MIHIOE CBiH XapaKTep 3 pOCTOM BiJICTaHI Bif
OXOJIOJKYBaHO1 ITOBEPXHI J10 OCi.

WATER-AIR SPRAY COOLING AT HEAT TREATMENT OF CYLINDRICAL SAMPLES
Frolov Ya., Niirnberger F., Wolf L., Golovko O.

Results of this study could be useful at researches of integrated manufacturing processes, including
metal forming and subsequent heat treatment, with the purpose of achieving defined metal structure
and properties of the product.
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Spray cooling, according to the shape and size of the product and the specific consumptions of water
and air provide the cooling rate in the range of 10...300 K/s. Such range gives good opportunities to
manage the structure and properties of the metal. It let to perform processes like "quenching-
tempering™ and "quenching-aging”. The difference in temperatures at the same time for all researched
modes of cooling near the cooled surface (1 mm) for the experiments can be considered proportional to
the distance between points of measurements with sufficient accuracy. At a depth of 5 mm an
insignificant disturbance of proportionality of temperature changing at the cross section has been
observed. Therefore, the distribution of temperature at the cross section of the sample requires further
investigation for determining the limits of influence of sprayer cooling and the cooling effect through
the sides of the sample.

Due to nonlinear form of temperature fall curves to obtain quantitative dependences of cooling rate
from the parameters of spray cooling it is expedient usage of the temperature range (800...500 °C) for
the steel samples. Such way is similar to 8/5 cooling rate, widely used in welding techniques.

It was defined that the multiplication of relative water consumption at water-air sprayer cooling
provides not proportional cooling rate with clear delay. The influence of relative water consumption on
the cooling rate changes its character with growth of the distance from cooling surface to the axis.

SMINHEHHA ITOBEPXHEBUM IVIACTUYHUM JE®OPMYBAHHAM I [IPUCKOPEHA
OLIHKA BTOMHUX XAPAKTEPUCTUK BUPOBY

Boosin B. /1.

[ToBepxHeBe muacTuyHe Ae(OpMyBaHHS CIPUs€ 3HAUHOMY IT1JIBUILEHHIO JIOBIOBIYHOCTI JAETall,
HTIHOCTI poOOTH MaIvH 1 MexaHi3MiB. Hari gocmipkeHHs B 00J1acTi TOBEPXHEBOTO IJIACTHYHOTO
neGopMyBaHHsI JO3BOJIMIN BU3HAYUTH: INIMOUHY Hakjeny 0e3 pyiHyBaHHs JeTali; Jlana3oH
panioHaIbHUX 3HAYeHb TTTMOWHY HAKJIeIy; TBEPAICTh MeTalry 0e3 ypaxyBaHHs JOOaBKH Bijl HAKJIEITy
("cripaBKHIO TBEPAICTH"); 3aMIPOIMOHYBATH MPHUCKOPEHI METOIN KOHTPOJIIO MEX1 BUTPUBAIIOCTI AeTai i
croci0 IPUCKOPEHOI OLIIHKM BTOMHUX XapaKTepUCTUK BUpoOy. CrociO 103BOJIsiE MPOTHO3YBATH MTOBHY
BIpPOT'iIHY KpUBY BUPOOHU 32 pe3ynbTaTaMH IPUCKOPEHOT0 KOHTPOJIIO MapH 3pa3kiB. Taki KpUB1 1al0Th
MOJKJIMBICTh BUOMPATH MaTeplayiy 1 TEXHOJIOT1] 0OpOOKH /IS MiABUILIEHHS Ha1IMHOCTI BUPOOIB.
Pe3ynbraTi nociikKeHb BIPOBAXKEHI 1 BU3HAaH1 BUHAXOI0M, OITy0JIIKOBaHi, MOIUPIOIOTHCS B
3apyO1>KHUX BUIAHHSIX.

HARDENING OF SURFACE PLASTIC DEFORMATION AND EXPRESS ASSESSMENT OF
THE FATIGUE CHARACTERISTICS OF THE PRODUCT

Vdovin V. D.

Surface plastic deformation contributes significantly to the durability of parts, reliability of machines
and mechanisms. Our research in the field of surface plastic deformation possible to determine:
hardening depth without destroying the parts; the range of rational values of the depth of hardening;
metal hardness, excluding additions from hardening (“real hardness™); offer accelerated fatigue limit
testing methods detail and the method of rapid assessment of the fatigue characteristics of the product.
The method allows to predict the full probability curve of the product as a result of the accelerated
control pairs of samples. These curves make it possible to select materials and process technology to
enhance product reliability. The research results are implemented and recognized by the invention,
published, distributed in foreign publications.
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Dopatok 4 / Add. 4

Te3u nonoBiieit HaNPSAMKY Abstracts of reports on the Topic
IIpokaTka Rolling
OnuHAAUATOT MIXKHAPOTHOT HAYKOBO-TEXHIYHOT of the 11-th International Scientific and
KOH(pepeHIIil Technical Conference
"TnacTuuna nedpopmanisi MeTamisB'', ""Plastic Deformation of Metals""
HarnonansHa Metanypriiina akaaeMis YKpaiHu, National Metallurgical Academy of Ukraine
24 tpasus 2017 p. 24 May, 2017
3aciganns npoxoauth B Ayauropii C. Yac Session is at the Lecture Hall C. Time of
NOYaTKy KOXKHOI JIOTIOBIIi MOXKHA y3HatTu iepen  presentation you will know before the session
3aCiJaHHsIM y MOJepaTopa from moderator

JIOCJIJKEHH S BIUIMBY ITAPAMETPIB EITIOPY KOHTAKTHUX HOPMAJIBHUX
HATTPYKEHB IOCEPEJIKY JIEGOPMALIIT HA BEJIMYMHY KOEDIIICHTA TUIEYA
MOMEHTY ITPY XOJIOJHOT ITPOKATLII

3amocunvuuii P. O., Bacunes A. /1.

HageneHo pe3ysbTaTu aHaii3y Ta JOCIIKCHHS BIUTMBY ITAPAMETPIB €MIOP KOHTAKTHUX HOPMaJIbHHUX
HaNpyXeHb 1 ocepeaKy aedopmartii Ha GopMyBaHHS 1 BEIMYMHY KoedillieHTa IJIe4a MOMEHTY TIpH
XOJIOAHIH 1mITa00BIM MpoKaTIli. BcTaHOBIIEHO, 1110 BUPIIIAIIBHUK BIUITMB HA TOYHICTh BU3HAYCHHS
KoedillieHTa 1mieda MOMEHTY MPH XOJIOJHIHM mTa00Bii MPOKATII HAAAIOTh TApaMETPH CIIOPH
KOHTaKTHUX HOPMaJbHUX HANPY>KEeHb 1 BIIHOCHHI MPHUPICT AOBKUHU OcepenKy aAedopmaririi 3a JiHi€l0,
110 3'€IHYy€ IIEHTpH 00epTaHHS BAJIKiB, BUKIMKAHUN TPY>KHUM paliajlbHUM CTHCHEHHSM BaJIKiB 1
MPYXHUM BITHOBJICHHSAM 1Tabu. 3po6JIeHO BUCHOBOK MPO T€, 10 MOXKIMBOCTI Cy4acHOi Teopii
M03/I0BXXKHBOT XOJIOJHOT TIPOKATKH 3a0€3MeUyI0Th JOCTATHIO TOUHICTh 1 HAJIHHICTh TPOrHO3yBAHHS
KoeillieHTa mie4a MOMEHTY, 110 BU3HAYAETHCS M0 KOOPAMHATI IIEHTPY Baru emop KOHTAKTHUX
HOPMaJbHUX HANIPYKCHb.

INVESTIGATION OF INFLUENCE OF PARAMETERS OF EPIR OF CONTACT NORMAL
STRESSES AND THE STRAIN OF DEFORMATION ON THE AMOUNT OF THE MOMENT
SHOULDER RATIO AT COLD ROLLING

Zamogil'niy R. O., Vasylev Ya. D.

To be presented results of analysis and investigation of the influence of parameters of the contact
stresses and the deformation center on the formation and magnitude of the shoulder moment
coefficient for cold strip rolling. It is established that the decisive influence on the accuracy of
determining the coefficient of the shoulder of the moment for cold strip rolling is provided by the
parameters of the contact normal stresses diagram and the relative increment of the length of the
deformation center behind the line connecting the centers of rotation of the rolls caused by elastic
radial compression of the rolls and by elastic recovery of the strip. The conclusion is made that the
possibilities of the modern theory of longitudinal cold rolling provide sufficient accuracy and
reliability of predicting the coefficient of the moment shoulder, determined from the coordinate of the
gravity center in the diagrams of contact normal stresses.

TEOPETUYHE BU3HAYEHHA KIHEMATHUYHUX ITAPAMETPIB TA MOMEHTY ITPOKATKHA
BEJIEPA YV JIBOXBAJIKOBOMY KAJIIBPI

Tyoonvyes A. I'.

Buxons4u 3 yMOBH MOCTIMHOCTI CEKYHIHUX 00’ €MIB Ta TIMOTE3H TUIOCKHUX MEPEPi3iB, OJep>KaHO
BUpa3u AJi1 BUSHAUCHHS BUTIEPEHKCHHS 110 CEPEIMHI CTIHKH MPU MPOKATIIi IIBETepa y
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JIBOXBAJIKOBOMY KautiOpi. Ha mizcraBi piBHOBaru cuil B ocepeaky Aedopmaltii oJiepKaHo BUpa3u A
BU3HAUCHHS HEUTPAILHUX KYTIB IO CEpEeIUHI CTIHKH IPH MPOKATII MIBEIEPa y IBOXBAIKOBOMY
Kaiopi.

3 ypaxyBaHHSM JIOTUYHUX KOHTAKTHUX HANpYKEHb, K1 JIFOTh y 30HAX BiJICTABaHHS Ta BUIICPEKECHHS
Ha KOHTAKTHIN MOBEPXHI METAITy 3 BAJIKAMH B OCEpeKy aedopmalrii mpu MpoKaTIli mBeepa y
JIBOXBAJIKOBOMY KaJiOpi, OZep:kaHO BUpa3H Il BU3SHAYEHHS MOMEHTA IIPOKATKU HAa BEPXHBOMY Ta
HIDKHBOMY BaJIKaX, II0 JI03BOJISIIOTH BU3HAUATH XapaKTep PO3IMOALITY MOMEHTA MK BaJKaMH.

THEORETICALLY IMPORTANT OF THE KINEMATIC PARAMETERS OF THE MOMENT OF
ROLLING A SWEEPER AT THE DOUBLE-WALK CALIBRIA

Tubol'tsev A. G.

Proceeding from condition of the second volumes constancy and hypothesis of flat sections,
expressions were deduced for determination of the forward slip on the middle of the channel web
while rolling the channel in two-roll pass. Basing on the balance of forces in the zone of deformation
expressions were deduced for determination of the angles of non-slip points on the middle of the
channel web while rolling the channel in two-roll pass.

Taking into account tangential contact stresses acting in zones of forward and backward slip on the
contact surface of metal with rolls in zone of deformation while rolling the channel in two-roll pass,
expressions were deduced for determination of rolling torque on the top and lower rolls, which allow
determining the character of distribution of torque between rolls.

MAJIOTABAPUTHUI OBTUCKHUI CTAH JJISI BATATOHUTKOBUX JIMBAPHO-
I[TPOKATHNX KOMIUIEKCIB

Hnomuax I'. I'., Qupcosa T. L.

B naGoparopii (hi3nuHOro MOJIeIOBaHHS MPOLECIB MIIACTUYHOI (hopMOo3MiHU MeTaniB HarioHanbHOT
MeTallypriiiHoi akazeMii Ykpainu Ha 0a3i pe3yabTaTiB (yHIaMEHTAIbHUX JOCHTIKEHb
PO3pOOIIAIOTHCS MPUHIMIIOBO HOB1 TEXHOJIOT1T MPOKATKH PEOJIOTTYHO CKIIAJJHUX METAIB.
[lepenbavaeTscss OOTUCHEHHS IUTHX 3arOTOBOK 3/1MCHIOBATH HA/IBEIMKUMU CTYIIEHSAMU Aepopmariii.
Jnist 11b0r0 HEeOOX1AH1 PO3POOKH HOBOT'O YCTATKyBaHHS.

BucBITIIOETBCS KOHCTPYKIIiS HOBOTO ITPOKATHOTI'O CTaHYy ISl TMBAPHO- MPOKATHUX KOMILIEKCIB.
HaBeneHo 3asiBOYHO — MaTeHTHY cxeMy OOTHUCKHOI KJIiTI cTany. Burotosneno ioro abopaTopHuit
JIOCITITHUIBKO-IIPOMHCIOBUHN BapiaHT. OcoOIMBICTIO KOHCTPYKLIT CTaHy € MaJli iioro rabaputu B
HaNpsMKY Biceil BaskiB. L[pOro JOCATHYTO 32 paXyHOK 3aCTOCYBaHHS JIAHIIOTOBUX IMepeaad
o0epTaHHsI BiJl €IEKTPOABUIYHA JI0 BAJIKIB.

Cunu npokatku MoxyTh carati 0,5 MH. IIBuakicte mpokaTtku Moxe 3MmiHoBatuch Big 0,05 mm/c 1o
100 mm/c.

st po3poOKM HOBUX MPOIIECIB MPOKATKH HA CTaHI 1 X JOCIIIKEHHS B TaOOPATOPHUX YMOBAX
BUKOPUCTOBYIOTbCS Cy4acHI METOAM €KCIIepUMEHTaIbHOI MexaHiku. Haitbinbi iHpopMaTUBHI 3 HUX:
NOJIIPU3ALMOHHO-ONITUYHUI; Myap; TEH30METPUYHMIL; HayKoBa KiHO- 1 Bi/Ie03HOMKa.

3aBIsKN 0COOIMBOCTSIM KOHCTPYKIIIT TaKi CTAHU MOXYTh BUKOPHCTOBYBAaTHCH B TPOMHCIOBHUX
0araTOHUTKOBUX JIMBAPHO-TIPOKATHUX KOMIUIEKCAX.

SMALL BLOOMING MILL FOR MULTISPINNING CASTING-ROLLING COMPLEXES
Shlomchak G. G., Fyrsova T. Y.

In the laboratory of physical modeling of plastic deformation of metals at the National Metallurgical
Academy of Ukraine it has developed a fundamentally new rolling technology for rheologically
complex metals. Developments are based on the results of fundamental experimental research. It is
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proposed to carry out the reduction of cast section with extra deformation ratio. It requires the
development of new equipment.

A new rolling mill for Casting and rolling complex is described. It shows an application and patent
scheme of roughing stand. It is made the commercial prototype. A feature of the mill design is its small
dimensions in the direction of the roll axis. This is achieved through the use of chain rotation
transmission from the motor to the rolls.

Rolling forces are up to 0.5 MN. The rolling speed is variable from 0.05 mm/s till 200 mm/s.

For the development of new processes for the rolling mill and research in laboratory conditions it is
used modern methods of experimental mechanics. The most informative of them: polarized light
method; moire fringe method; tensometric method; scientific films and videos.

Due to design features, such mills could be used in many industrial multi-pass Casting and Rolling
Complex.

JOCIHIIKEHHA ITPUJIMITAHHSA ITPU ITPOKATLIL
Ozincoxuti U. K., Pemes O. A.

HaOy1o monanpimii po3BUTOK YSBJICHHS IIPO MEXaHi3M YTBOPCHHS SIBUINA TIPUIATIAHHS TP TPOKATII.
BukoHaHO OOTpYHTYBaHHS Ta €KCIIEPUMEHTAIBHE ITiITBEPKEHHS MICIIsl pO3TAIIyBaHHS 30HH
npununanss. [TokazaHo, 110 SBUIIE MPHIUIIAHHS € OJHUM 3 PaKTOPIB M0 3a0€3MEeUyI0Th TPOIIEC
MPOKATKH. BUXiTHOO MEKEIO 30HU MPUJIUIIAHHS € TUIOIIMHA BUXOY 3 OCepeaKy nedopmarii,
KiIHEMaTHYHUM IiTBEPKESHHSIM TAKOTO PO3TAIIYBaHHS € OJM3bKi 3HAUCHHS MIBUAKOCTSH METaIy Ta
BajKa. Po3TamryBaHHs 30HH MPIIANIAHHS TO0IHM3Y TUIONIMHY BUXOIY 3 OcepenKy aedopmarii
00yMOBJIEHO TAK0X €HEPTeTUYHUM MPUHIIUIIOM MiHIMyMY POOOTH.

RESEARCH OF STICKING PHENOMENON AT ROLLING
Oginsky Y. K., Remez O. A.

The idea of a mechanism for the formation of a sticking phenomenon during rolling was further
developed. The justification and experimental confirmation of the location of the zone of adhesion has
been carried out. It is shown that the sticking phenomenon is one of the factors that ensure the rolling
process. The exit boundary of the sticking zone is the plane of exit from the deformation center, the
kinematic confirmation of such an arrangement is close values of the velocities of the metal and the
roll. The location of the sticking zone near the exit plane from the deformation center is also due to the
energy principle of the minimum of work.

MOJIEJII HAITPYKEHB TEPTS — "BUIA TUISIMA" B CYUYACHIN TEOPII TIOB3JOBXHBOT
[TPOKATKU

Bacunes A1. J].

[Ipu TeopeTHYHOMY BHU3HAUYEHHI [TapaMEeTPiB MPOLECY MPOKATKN HEOOX1JH1 TOUHI 1 Ha1iH1
3aJIeKHOCTI (MOJIe) AJIsl ONMUCY PiBHS 1 XapaKTepy po3MOIiTy HAlPYKEHb TePTs Ha KOHTAKTHIN
MOBEPXHI MeTaly 3 iIHCTpyMeHToM. PaHiie Oyno moka3aHo, 1110 3aCTOCOBYBaH1 B Cy4dacH1i Teopii
M03/10B)KHBOT MPOKATKU MOJIeNi HaNpYXeHb TePTS € HaJAMIPHO T'PyOHMH, TIO CYTI1 NPUMYIIEHHAMH. Y
3B'SI3KY 3 UM BOHH HE 3a0€3Me4yI0Th SIKICHO BIPHO 1 KUJIBKICHO TOYHO MTPOTHO3YBAaHHS KOHTaKTHUX
JOTUYHUX HaNpyXeHb. TOMY MOKHA CTBEPJIKYBATH, III0 OCHOBHOIO HEBHPIIIEHOO MPOOJIEMOI0, TOOTO
"O11010 MIsIMOIO" B CydacH1i Teopii MO3/10BAKHBOI IPOKATKH € BIJICYTHICTH KOPEKTHOI MOJIEN1 JIJIst
OIUCY HaNpy>XeHb TEPTs Ha KOHTAKTI IITa0H 3 BaJIKaMHU.

VY poboTax Oysi0 BCTAHOBJIEHO, [0 BAKOPUCTAHHS TaK 3BaHUX 3aKOHIB AMOHTOHA 1 310€J1s 17151 OITUCY
PO3MOALTY HaNpyXeHb TEPTS MPU TOHKOJIUCTOBIHM (XOJI0HIH) MpoKaTii € PaKTUYHO HEOOTPYHTOBAHUM
1 eKCTIEPIMEHTAILHOTO TTATBEP/KEHHS HE MalOTh. 3 METOI0 YCYHEHHS IIOTO HEOMIKY OyIa
3alpONOHOBAaHA HOBA MOJIENb HANIPYKEHb TEPTS, 110 BPAXOBYE KIHEMAaTHKY OcepenKy aedopMariii.
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CyMicHe pillleHHs 3alIPONOHOBAHOT MOAE 3 MU epeHIliaIbHUM PiBHIHHIM PIBHOBAru MO3/10BXHIX
cun T. KapmaHna 103BOJIMIIO OTpUMATH HACTYITHI HOBI 3HaHHS TIPO MPOIEC MPOKATKH:

1. BcraHoBNEHO, 10 €MIOPU KOHTAKTHUX HOPMAJIBHUX HANPYKEHb MAIOTh SICKPAaBO BUPAXKCHHUN
KYIIOJIONIOJIOHUH BUTJISII, @ HATIPYTH TEPTS TUIABHO MEPEXO/IATh Yepe3 HYJIb B HEHTPAIbHOMY IIEPETHHI
1 OJTM3BKO BI/IMOBIIAIOTH CKCIIEPUMEHTATHHUM JIAHUM.

2. Bnepie orpuMaHi KiJIbKICHI 1aHi, K1 MIATBEPHKYIOTh, 10 TIEPEPI3H MAKCUMYMY CTOP
KOHTAKTHUX HOPMAJIbHUX HANpYXeHb 1 HEUTPabHOTO Nepepi3y He 30iraroThesl.

3. BcTranoBieHo, M0 HEUTpaIbHUHN TIepepi3 3MIMEeHUN OIFK4Ue 10 MePETUHY BUXO/TY ITA0H 3 BAJIKIB, 1
3arporoHoBaHa Okl ToyHa (popMyria 171 BU3HAUYSHHSI HEHTPAIBHOTO KyTa.

4. BcTaHOBJICHO, IO METOIM BU3HAYCHHS KPYTHOTO MOMEHTY IIPH MPOKATIII 110 CHJIaX TEPTS 1 10 CHITi
IPOKATKH € PIBHOI[IHHUMH.

5. 3amponoHoBaHa HOBa (opMyIIa Ul PO3PaXyHKY CEPEIHbOr0 KOHTAKTHOTO HOPMAJIBHOTO
HaNpyKEHHS MIPU Tapsdiid TOHKOJIMCTOBIN 1 XOIOHIHM MPOKATIi TOHKUX 1 0COOJIMBO TOHKHX IITA0,
KoJIM 3HaueHHs dakTopa hopmu ocepeaky aedopmaitii le/hep 3minrorotees Big 5...10 mo 30...75.

MODEL OF THE FRICTION STRESS — IT’S A "WHITE SPOT" IN THE MODERN THEORY OF
LENGTH ROLLING

Vasilev Ya. D.

In the theoretical definition parameters of the rolling process requires accurate and reliable
interrelation (model) to describe the level and nature of stress friction distribution at the contact of the
metal surface with the tool. Previously, it was shown that, as used in the modern theory of length
rolling model of friction stresses are excessively rough, substantially assumptions. In this regard, they
do not provide the right quality and quantity accurate forecasting of contact shear stresses. Therefore,
it can be argued that the main unsolved problem, ie, "white spot” in the modern theory of length rolling
Is the lack of a correct model to describe the friction stresses on the contact strip to the rolls.

In the papers it was found that the use of the so-called laws Amonton and Siebel to describe the
distribution of the friction stresses in the sheet (cold) rolling are not actually unfounded and
experimental verification. In order to eliminate this disadvantage was proposed a new model of friction
stress, taking into account the kinematics of the deformation zone.

The joint solution of the proposed model with the differential equation of equilibrium longitudinal
forces T. Karmana yielded the following new knowledge about the process of rolling:

1. It was found that the diagrams of the contact normal stress have a pronounced dome-shaped form,
and the frictional stress smoothly pass through zero in the neutral section and closely match the
experimental data.

2. For the first time obtained quantitative data proving that the maximum cross-section in diagrams of
contact normal stresses and neutral section are not the same.

3. It was found that the neutral section is shifted closer to the exit cross section of the strip from the
roll, and offered a more precise formula for determining the neutral angle.

4. It has been established that the determination of the methods of torque when rolling on the forces of
friction and rolling force are equivalent.

5. It was proposed a new formula for the calculation of the average normal stress at the contact of hot
and cold rolled sheet of thin and very thin strips, when the values of the deformation zone shape factor
Ic/hepvary from 5-30 to 10-75.

TEOPETUYHE BU3HAYEHHSA KPYTHOI'O MOMEHTY I1PU ITPOKATII TOHKUX IITAB
Bacunes 4. J.

[Tpu mpokatiii Best MOTYXKHICTh 7S 31HCHEHHS JIaCTUYHO]I 1ehopmaliii MeTany BalkaMu
nepeaacTbest PPUKIIMHUM NUITXOM. ToMy M1t 0OOTHCKY TaOM HEOOX1THO 3HATH SIKI MOMEHTH
MOBUHHI OyTH MPUKIa/IEeH] A0 BaJKiB, 11100 3a0e3meuuTH iX 00epTaHHS B MPOLEC] TPOKATKH.
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Hes3Baxkarouu Ha yaBaHy IPOCTOTY 1 HASBHICTh YMCEIbHUX ITyOiKaIliil 3 IbOTO MUTaHHS KOPEKTHE
3aMKHYTE TCOPETHYHE PIIICHHS JJIsi BU3HAYCHHS KPYTHUX MOMEHTIB MPU MPOKATIII HE 3aIIPOIIOHOBAHO.
3 1i€l MPUYMHYU TEOPETHYHE BU3HAYCHHS MOTYXKHOCTI TP MPOKATIII TAKOX HE JIaHO.

SIK BiTOMO T€OpETHYHE BU3HAYCHHS KPYTHIUX MOMEHTIB ITPH TPOKATIIi 3/IIHCHIOIOTH IBOMa METOaMH —
10 CHJTI TePTS 1 TIO CHUII MMPOKATKK. B 1aHuii yac BCTaHOBIIEHO, 1110 OOM/IBa METOAM € PIBHOLIIHHAMH.
OpnHak 4yepe3 BiACYTHICTh KOPEKTHOI MOJIEN1 JIsl OIMCY HAIPYT TEPTS Ha KOHTAKTHINA MOBEPXHIi
BHU3HAYCHHS KPYTHUX MOMEHTIB 10 CHJIaM TEPTSI MPAKTUIHO HEMOMXKIIHBO. TOMY BU3HAYCHHS KPYTHHX
MOMEHTIB 3IiCHIOIOTh BUKIIFOYHO 32 CHJIOIO TIPOKATKH.

OcHOBHa TPYAHICTh IPU TEOPETHYHOMY BH3HAUCHHI KPYTHUX MOMEHTIB 110 CHJIi IPOKATKH TOJISTAE B
3HAXO/HKCHH1 TOUKH MMPUKIIAJIaHHS PIBHOIII0YO01 HA KOHTAKTHIN MOBEpxHI a00 KoedilieHTa rmieqa
MOMEHTY V. B ymMoBax mraboBoi MpoKaTKu iCTOTHHH BIUIMB HA BEJIMYMHY KOe(illieHTa  HAAAIOTh 1
npyXHi aedopmartii BaJkiB i IITaOH.

VY naHiii po6oTi Oy/ie MpeACcTaBIeHO TEOPETUIHE PIIICHHS JUISI BU3HAUYCHHS KoedillieHTa rieda
MOMEHTY TP MPOKATIIi TOHKHUX IITA0 3 YpaxyBaHHSIM OCOOJIMBOCTEH KIHEMATUKH OCEPEIKY
nedopmMariii, a TAKOXK BIUIUBY HEPIBHOMIPHOCTI PO3MOALTY KOHTAKTHUX HOPMAJIbHUX HAMpPY>KEHb,
HATATY 1 IpYKHUX Aedopmaliii BankiB 1 mTabu. BukopuctanHs HOBOTO pillleHHs JIJIs1 MPOTHO3YBaHHS
KoeilieHTa mieda MOMEHTY JI03BOJUTH ITiIBUIUTH TOYHICT PO3PAXYHKY CHEPTOCHIOBHX
rapaMeTpiB IPH MPOKATIN TOHKUX MTA0 1 BIIMOBUTHCS BiJl ICHYFOUOT IPAKTHKH, KOJIU 3HAYCHHS
JIAHOTO MapaMeTpa He PO3PaXOBYETHCS, a BAOUPAETHCS, KEPYIOUHCh JOCBIIOM 1 IHTYIII€XO.

THEORETICAL DEFINITION OF TORQUE MOMENT AT THIN STRIP ROLLING
Vasilev Ya. D.

By rolling all power for the plastic deformation of the metal rollers is transmitted by friction.
Therefore, to compression strip need to know what moments should be attached to the rolls in order to
ensure their rotation in the rolling process. Despite its apparent simplicity and the presence of
numerous publications on this subject, the correct theoretical solution to determine the torque moments
during rolling is not proposed. For this reason, a theoretical definition of power during rolling is also
not given.

As is known theoretical determination of the torque moments during rolling is carried out by two
methods — by the forces of friction and strength of rolling. It is now established that both methods are
equally valid. However, due to lack of proper model for describing stress of friction on the contact
surfaces determining the torque moments by forces of friction is practically impossible. Therefore, the
definition of torques moments to make by the force of rolling.

The main difficulty in the theoretical determination of torque moments by forces of rolling is to find
the point of application of resultant force on the contact surface or shoulder torque coefficient y. In the
context of a strip rolling a significant impact on the value of the coefficient y render elastic
deformation of rolls and strips.

In this paper we will present a theoretical solution to determine the moment arm ratio by the rolling of
thin strips allowing for the kinematics of the deformation zone, and the impact of uneven distribution
of contact normal stress, tension and elastic deformations of the rolls and the strip. Using the new
solution for the prediction accuracy of the moment arm ratio will be raise for calculating energy-power
parameters in rolling thin strips and abandon the current practice when the value of this parameter is
not calculated and selected, guided by experience and intuition.

JJOCHIPKEHHS B3AEMO3B'SI3KY MDK TOBILIMHOIO, TEMITEPATYPOIO KIHLIA TAPSIUOI
I[MPOKATKHU I MEXEIO INIMHHOCTI HIAKATY 13 CTAJII 08KIT B YMOBAX BIIIIC 1680

Bacunes 4. /.

Bupo6uunrBo rapsiuekaranoro miakary 3i crami 08k, Ha BIIIIIC 1680 BAT "3amopixcrans”, mo
BiJIPI3HAETHCS HU3BKOIO MIBUAKICTIO MPOKATKU (10 9 M/C), 3M1MCHIOETHCS 32 CXEMOIO ''TIPSIMOi
MPOKaTKK' TOOTO O€3 MIAIrpiBy CsA01B Mics cisiOiHTa. Y 3B'3KY 3 1M Trapsida MpoKaTKa ImiaKaTy
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Mastoi TOBIMHM (2,0-2,5 MM) 3aKiHUYETbCS IPU TEMIIEpPATypax 3HAYHO HUKUYE TEMIIEPATyp
ayCTEHUTHOM 00JaCTi, 0 MPU3BOAUTH IO 3HAYHOI HEOHOPITHOCTI 1, IK HACTIJIOK, 0 HECTAOIIbHOCTI
MEX1 TEKY4OCTi 1 HOTO IJIACTUYHUX BJIACTUBOCTEH 110 JOBXKHHI IITA0H.

Pe3ynbratu eKcriepuMeHTaIbHOTO JOCIPKEHHS TEMIIepaTypH KiHIIS rapsayoi MPOKaTKH 1 MEexX1
TeKy4ocCTi miakaty 3aBToBIIKH 2,0-4,0 MM 31 ctanu 08k, BukoHaHoro Ha BIIIIIC 1680 6e3
3aCTOCYBaHHS POMIXKHOTO mepeMoTyBaibHOTO TiprcTporo (ITI1Y) Ha mpoTs3i 1BOX MicCSIiB — OJTHOTO
3UMOBOTO (TPYIHS) 1 OTHOTO JITHHOTO (JIUITHS) IBOX CYMIKHHX POKIB JIO3BOJISIFOTH BiA3HAYUTH
HACTYITHE:

1. Temneparypa nepeIHboro i 3aJHBOTO KiHIIS MITa0u Py 301UIbIICHH] TOBIMHY Tiakaty 3 2,0 1o 4,0
MM 301TbIIyeThCs BimoBigHO 3 859 10 901 °C 13 769 no 859 °C. 30UIbIIYETHCS TAKOXK 1 CEPEIHS
TeMIeparypa miakary 3azHaueHux ToBmmHU 3 811 1o 874 °C. HaiiOinbiui 3HaueHHS 1epenay
temneparyp (“'Temreparyproro kauny'') mo poBxuHi mradu (60 °C) 3adikcoBaHi mij] 4ac MPOKATKH
nigkaty 3aBToBmiku 2,0 mm. [Ipu 11boMy BUSIBICHO, IO Bif OAHIET YBEPTIi 10 OAHIET TPETHHH JTOBKHUHU
MiJKaTy 3aBTOBLIKU 2,0 MM MPOKATYETHCS MPU TEMIEpaTypax HUXKYE TEMIIEPATyp ayCTEHUTHOM
obnacti. HecTabinpHiCTh TEMIIEpaTypHUX YMOB KiHIISI rapsiu0i MPOKATKU MPU3BOIUTH 0
HEOJTHOPITHOCTI CTPYKTYPH 1 BIACTUBOCTEH MO JOBXKUHI MiJAKaTYy.

2. Bcranosiieno, mo B ymoax BIIIIIC 1680 orpumanHs miakary 3 3aJ0BUILHIMHU TTapaMeTPaMH
MIKPOCTPYKTYPH 1 3 HEOOXiJTHIM KOMILUIEKCOM BIIACTUBOCTEH 1O BCil JOBXKHHI IITA0H MO>KJIMBE JIUIIIE
IPU TOBIIMHI OCTAHHBOTO, 110 nepeBumrye 2,7-3,0 Mmm.

3. 3HaueHHs MEXI1 TeKy4OCTI IEPEeTHBOTO 1 33IHBOTO KIHIIA MigKaTy 31 ctaii 08Kl mpu 301IbIIeHH]
fioro toBuHH 3 2,0 10 4,0 MM 3MEHIIYIOTHCS BIAMOBIAHO 3 274 10 239 13 343 1o 263 H/MM2.
3MEHIIYIOTHCS TAKOK 1 CepeiHi 3Ha4eHHS MEX1 TeKyJOCTi MiAKaTy 3a3Ha4eHuX ToBIIUH 3 309 o 251
H/mm? a6o Ha 18,8%.

OTtpumani JaHi CBi4aTh MPO HASIBHICTH KOPCTKOTO B3a€EMO3B’ 13Ky MIXK TOBIIMHOIO, TEMIIEPATYPOIO
KIHIIS Tapsa40i MPOKATKHU 1 MEKEI0 TEKy4OCTi miakary 31 ctani 08k, a TakoK Mpo CHUIIbHUIN BILIUB
TOBIIMHU MiJKaTy HA OO0 MEXY TEKy4OCTi.

INVESTIGATION OF INTERRELATION BETWEEN THICKNESS, FINAL TEMPERATURE OF
HOT ROLLING AND THE YIELD STRESS FOR HOT-ROLLED STEEL 08KII IN CHRM 1680

Vasilev Ya. D.

Production of hot-rolled steel 08xm on CHRM 1680 JSC "Zaporizhstal”, characterized by low rolling
speed (up to 9 m/s), is carried out on a "direct rolling™ i. e, unheated slab after slabbing mill. In this
regard, the hot rolling strip by small thickness (2.0-2.5 mm) ends at temperatures significantly below
the austenitic region temperature, resulting in significant non-uniformity, and as a result, instability of
yield strength and the plastic properties along the length of the strip.

The results of experimental studies of the temperature conditions of the end hot rolling and the yield
strength by hot rolled strip from steel 08k and thickness 2.0-4.0 on CHRM 1680 without the use of
intermediate rewinder (PPU) for two months — one winter (December) and one summer (July), two
adjacent years reveals the following:

1. The temperature of the front and rear end of the hot rolled strip by increasing the thickness from 2.0
to 4.0 mm, respectively, increases from 859 to 901 °C and from 769 to 859 °C. Also increased and the
average temperature hot rolled strip from these thicknesses from 811 to 874 ° C. The highest values of
temperature differences ("thermal wedge") along the length of the strip (60 °C) are fixed during the
rolling of rolled thickness of 2.0 mm. At the same time it revealed that one-quarter to one-third the
length of the rolled thickness of 2.0 mm is rolled at temperatures below austenite region. The
instability of the temperature conditions of hot-rolling end leads to heterogeneity of the structure and
properties of the strip length.

2. It was determined that under the conditions obtaining hot-rolled strip in 1680 CHRM with
satisfactory parameters for microstructure and a desired set of properties throughout the length of the
strip may only for a thickness greater than 2.7-3.0 mm.
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3. The values of the yield stress of the front and rear end of 08km hot-rolled strip at the thickness
increase from 2.0 to 4.0 mm, respectively, are reduced from 274 to 239 and from 343 to 263 N/mm?.
Also reduced and the average values of yield strength for hot-rolled strip these thicknesses from 309 to
251 N/mm?, or by 18.8%.

4. The findings suggest that there is a rigid interrelations between the thickness, the temperature of the
hot rolling end and the yield strength of hot-rolled strip from steel 08k, as well as the strong influence
of the thickness of rolled on its yield strength.

ITPO IIMTAHHA PO3ITIOALIIY MOMEHTA MDK BAJIKAMMU ITPU ITPOKATII ®JIAHIEBUX
I[TPO®UIIB V IBOBAJIKOBUX KAJIIBPAX

Tybonvyes A. I

[TuTanHs PO PO3MOALT MOMEHTA IPOKATKU MIXK BaJIKaMU TPH MPOKATILI B KasiOpax ckiaanoi Gpopmu,
710 SIKMX HaJIe)KaTh 0aj04yH1 Ta MIBEJICPHI KaIiOpH, MONPHY 3HAYHUN MTPAKTUYHUHN 1 TCOPETUYHUHN
iHTEepec, BUBYEHO HEAOCTATHBO.

Icuyroui (hopMysH 1St BUSHAYCHHS MOMEHTA ITPOKATKHU J03BOJIAIOTh 3HAXOUTH CyMapHUIl MOMEHT
MIPOKATKHU JIBOTABPOBHX OAJIOK Ta HIBEJIEPIB Y JBOBATKOBUX KamiOpax Ta HE JO3BOJSIOTH BU3SHAYUTH
MOMEHT Ha KO’)KHOMY BaJIKYy.

3anpornoHOBaHO METO/I BU3HAYEHHSI MOMEHTIB ITPOKATKU Ha BAJIKaX y 3aKPUTOMY OaJIOYHOMY Kaiopi 3
ypaxyBaHHSM JOTHYHUX KOHTAKTHUX HaIpyXeHb Y 30HaX B1JICTABAHHS Ta BUIIEPEPKEHHS Ha
KOHTAKTHI{ TTOBEPXHI MeTally 3 BaJKkaMu. [ paHUIIi Ta IJIOMI 30H BiZICTaBaHHS 1 BUIIEPEHKEHHS
BH3HAYaJI 3a BEJIMUYMHOIO BUIIEPEIPKEHHS 110 CTIHI{ JIBOTABPOBOI OAJIKH.

Ha mincTaBi piBHOCTI JIIHIHHUX IIBUIKOCTEH BaJIKiB 1 METaIy B OcepeaKy Aedopmallii ogepxani
BUPA3H JUI BUBHAYEHHS IPAHULb 30H BIJICTABaHHS Ta BUIEPEIXKEHHS 110 BHYTPIIIHIHN Ta 30BHIIIHIN
MOBEPXHI BIAKPUTOTO 1 3aKPUTOTO (PIIAHIIIB, SKi JO3BOJISFOTh BU3HAYATH TUIONI KOHTAKTy 30H
BIJICTaBaHHS Ta BUIIEPEXKEHHS METaIly 3 BaJKaMH.

Ha migcrai noTpumaHHs CEKyHAHUX 00’ €MIB Ta TIMOTE3M MIOCKHUX MEPEPi3iB OJep>KaHO BUPa3 I
BH3HAYEHHS BEJIMYMHU BUIEPEKEHHS MO CTIHII IPU MPOKATIl JBOTAaBPOBOi OAJIKU B 3aKPUTOMY
Kkaniopi. Buxoasiuu 3 yMOBU pIBHOBAru Cuil, 1o JIiIOTh B OCepeaKy Aedopmaiiii Ha mTady, sKa
MIPOKATYEThCA, OJIEPAKAHO BUPA3 AJIsl BA3HAUEHHS HEHTPAIbHOTO KyTa IO CTIHII MPH MPOKATII
JIBOTaBPOBOi OaJIKU B 3aKpUTOMY OaoyHOMY KaniOpi. 3 ypaxyBaHHSIM MOMEHTIB, CTBOPIOBAaHUX
PIBHOJIIOYMMH JOTHYHUMH KOHTAKTHUMH HAIIPY>KEHHSIMH B 30HaX BiJICTaBaHHs Ta BUIEPEIKEHHS MO
CTIHII Ta (bJIAHIX HA KOHTAKTHIM MOBEPXHI METally 3 BAJIKaMH, OJIEP>KaHO BUPA3U JJIs1 BUZHAYCHHS
MOMEHTA ITPOKATKU Ha BaJKaX 3 BIIKPUTUMH Ta 3aKPUTUMH (PIaHLISIMU TPU MPOKATILI ABOTaBPOBOi
OaJKy B 3aKpUTOMY KaJiopi.

ITpoBeneHo MOpiBHAIBHUMN aHai3 TEOPETUUYHUX PO3PAXyHKIB MOMEHTA MPOKATKH JIBOTAaBPOBOT OAJIKH
B 3aKpUTOMY KaJIiOpi Ta Oro po3noily M’k BaJIKAMHU 3 BIIKPUTUMHU 1 3aKPUTHUMH (PIIAHISMU 3
eKCIIEpUMEHTAIbHUMU JTAHUMH, 1110 [T0Ka3aB JIOCUTh A00pY X CXOAUMICTb.

[Ipu npoxaTii mBesaepiB BaKIUBUM MUTAHHAM IIPU PO3poO1ll KaliOpOBKH € MPaBHIIbHE PO3TALITyBAHHS
KaiOpy y Bajkax, 1110 BU3HAYa€ThCs HeHTpanbHOO JiHiero kaniopy (HJIK). Bizomi metonu
Bu3HaueHHs1 HJIK Ga3zyroThcs Ha ypaxyBaHHI T€OMETPUYHHX MTapaMeTPiB KamiOpy abo BpaxoBYIOTh
JOTUYHI KOHTAKTHI HAIIPY>KEHHS Ha eJeMeHTax Npo(diuIio Ha BUXO1 MeTally 3 ocepeaky aedopmartii
(metox M. C. MyTheBa).

3anpononoBaHo MeTo]1 BusHaueHHs1 HJIK nBoTaBpoBoro mBenepHoro kaiidopy, OCHOBaHUHN Ha
PIBHOCTI MOMEHTIB ITPOKATKU Ha BaJKaX 3 ypaXyBaHHAM JOTHUYHUX KOHTAKTHUX HANpyXEeHb Yy 30HaX
BiJICTaBaHHS Ta BUTICPEKCHHS.

MoOMEHT NMPOKAaTKH IIBeJiepa Ha KOXKHOMY BaJIKy MOXKe OYTH BU3HAYCHHUH 32 BEIMUMHOIO TOTUYHUX
KOHTAKTHUX Halpy>KeHb Y 30HaX BiJICTABAHHS Ta BUMIEPE/DKEHHS HA KOHTAKTHIN TTOBEPXHI METaIy 3
BaJIKaMH.
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TO THE QUESTION OF THE TORGUE DISTRIBUTION BETWEEN THE ROLLS WHILE
ROLLING THE FLANGE SHAPES (SECTIONS) IN TWO-ROLL PASSES

Tuboltsev A. G.

The question of distribution of the rolling torque between rolls at the rolling in passes of intricate
shape (beam and channel passes), in spite of the great practical and theoretical interest, is not studied
to sufficient measure.

Existing formulae for determination of the rolling torque allow finding the summary torque for rolling
the H-beams and channels in two-roll passes and do not allow determining the torque on each roll.

A method is proposed to determine the rolling torques on the rolls in closed beam passes taking into
account tangential contact stresses in zones of backward and forward slip on the surface of metal
contact with rolls. The limits and areas of zones of backward and forward slip were determined by the
value of forward slip along the web of H-beam.

On the base of equality of rolls and metal linear speeds in zone of deformation expressions have been
got to determine limits of zones of backward and forward slip on the internal and external surfaces of
the open and closed flanges, which allow determining contact areas of metal and rolls in zones of
backward and forward slip.

On the base of observance of second volumes and hypothesis of flat sections the expression had been
deduced for determining the value of forward slip along the web while rolling H-beam in the closed
pass. Issuing from balance condition of forces acting on the strip to be rolled in zone of deformation
the expression had been got for determination of neutral angle along the web while rolling the H-beam
in closed beam pass. Taking into account the moments being created with resultant tangential contact
stresses in zones of backward and forward slip along the web and flanges on the surfaces of metal
contact with rolls expressions have been got for determination of rolling torque on the rolls with open
and closed flanges while rolling H-beam in closed pass.

The important question (problem) at development of the roll pass design for rolling channels is the
right (proper) location of the pass in rolls, which is subject to the neutral line of the pass (NPL). The
known methods for determination of the NPL are based on taking into account the geometric
parameters of the pass or taking into account tangential contact stresses by elements of the section at
the exit of metal from deformation zone (M. S. Mutiev method).

The method is proposed for NPL determination in two-roll channel pass, which is based on equality of
the rolling torque on rolls, taking into account the tangential contact stresses in zones of the backward
and forward slip.

The rolling torque of channel on each roll can be determined from the value of tangential contact
stresses in zones of the backward and forward slip on the contact surface of metal with rolls.

CIIOCIb BUPOBHUILITBA APMATYPHOI'O ITPOKATY ISATEFOPIT "C" 110 EUROCODE 2
JUI1 APMYBAHHA 3AJIIBOBETOHHUX KOHCTPYKIIN

Yesuuenos €. O., Xapumonos B. A.

["onoBHUM 3aBAaHHSAM JaHOT pOOOTH € MIABUIICHHS SKOCTI TapsiaeKaTaHOl apMaTypHOI cTaji JJis
apMyBaHHS 3aJ11300€TOHHUX KOHCTPYKIiH. 3 MiIBUIIEHHSIM SIKOCTI apMaTypH, 3pocTe
KOHKYPEHTOCIIPOMOXHICTh TOBapY, a BIAMOBITHO 1 KOHKYPEHTOCIIPOMOXHICTh MANPUEMCTBA, a TAKOXK
1 BCi€i KpaiHH B LIIIOMY.

OpaHUM 3 HaNPSAMKIB TEXHIYHOTO IIPOTrpeCcy y BUPOOHHUIITBI TOTOBOTO MPOKATy € 00poOKa
rapsiueKaTaHoi apMaTypHOI CTaji 3a cxeMolo "'Po3TAryBaHHs — 3HAKO3MIHHUIN BUTHH .

[Tpu 06poO11i MeTaly 3a IIEF0 CXEMOIO XapaKTEPUCTUKH MIIIHOCT1 3pOCTAaOTh 3 ICTOTHO MEHITUMH
BTpaTaMHM IUIACTUYHOCTI 1 BUTpATaMu €Heprii, HK IMpU 3BUYaiHOMY PO3TATYBaHHi, ab0 pu
TEPMOMEXaHIYHOMY 3MIIIHEHHI, 32 paXyHOK HEMOHOTOHHOCTI Ae(opmalliii, SMEHILIEHHS CepeIHbOT
HIUTBHOCTI TUCIIOKAIIiN 1 HEOJHOPITHOCTI X PO3MOILTY 32 00CATOM IPH 3HAKO3MIHHOI fedopMartii.
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METHOD OF MANUFACTURING OF ARMATURE ROLLING CATEGORY "C" BY
EUROCODE 2 FOR REINFORCEMENT OF REINFORCED CONCRETE STRUCTURES

Chevychelov Ye. A., Kharytonov V. A.

The main task of this work is to improve the quality of hot-rolled reinforcing steel for the
reinforcement of reinforced concrete structures. With the increasing quality of the reinforcement, the
competitiveness of the products will increase, and, accordingly, the competitiveness of the enterprise,
as well as the entire country as a whole.

One of technical progress directions in the production of finished rolled products is the processing of
hot-rolled reinforcing steel according by the scheme "Stretching — alternating bending".

When processing metal according to this scheme, the strength characteristics are increase with
substantially less loss of plasticity and energy costs than with conventional stretching, or with
thermomechanical hardening, due to the nonmonotonic deformation, decreasing of the average
dislocation density, and the inhomogeneity of their volume distribution under alternating strain.

JOCJIIDKEHHA ®OPMO3MIHEHHSA KBAJIPATHOTI'O IIIJIKATY B OBAJIbBHOMY KAJIIBPI
[TIPU TTPOKATLII Y KJIITI YOPHOBOI I'PYTIM BE3IIEPEPBHOI'O COPTOBOI'O CTAHY

Cmipnos €. M., benesumin B. A., Camotinosa T. J[., Cxkuap B. A.

JlocBiz poO6OTH OUTBLIOCTI AIFOYMX MPOKATHUX CTaHIB MOKa3ye, M0 AePEeKTH Ha MOBEPXHI
METAJIONPOKATY € OJHIEI0 3 OCHOBHHUX MPUYMH OTPUMaHHS MPOAYKIii HeBiAMOBIAHOT sKocTi. [Ipn
OMY B CTPYKTYpi Opaky HailOUbITy 4acTKy 3aliMatoTh JeeKTH, sIKi epeUuId Ha TOTOBHIM MIPOKAT 3
BUXI1THUX 3arOTOBOK.

Ha cydacHuX cepeiHbOCOPTHUX 1 ApIOHOCOPTHUX Oe3IepepBHUX MMPOKATHUX CTaHAX 3aCTOCOBYIOTh
KOMOIHOBaHY CHCTEMY YOPHOBHX KaliOpiB: CIIOYaTKy BUKOPUCTOBYIOTHCS IPSIMOKYTHI Kamiopu, a
MTOTIM YOPHOBI KaJIIOpH CUCTEMH OBaJl — peOpoBuUii oBasI a00 oBall — K0J10. HasBHICTH KOMOIHOBaHOT
CHUCTEMH 00YMOBIIIOE JIEK1JIbKa TOUOK IEPEXO0Ty BiJl OJIHIET CUCTEMHU JI0 1HIIOI, K1 HECYTh B COO1 LTy
CYKYIHICTb Ip00JIeM, IOB'13aHy 3 MOBEAIHKOIO Ae(heKTiB MOBEPXHI, 0COOIMBO y pa3i peamizamii
HU3bKOTEMITEPATYPHHUX PEKHUMIB MTPOKATKH.

[IpencraBnena MmeToaMKa aHalli3y 1e()OpPMOBAHOTO CTaHy METaly B MPOLIEC IPOKATKU KBaAPaTHOTO
MIJKaTy B OBAJIbHOMY KasliOpl B KJIITSIX YOPHOBOI IPyIu OE€3MEPEPBHOTO COPTOBOTO CTaHy B YMOBax
HU3bKOTEMIIEPaTypHOi IpOoKaTKU. OTpUMaHi 3aJI€XKHOCTI JO3BOJISIOTh BU3HAYUTH HEPIBHOMIPHY
nepopmariiro 614YHUX MOBEPXOHB MITa0H, 110 IPOKATYETHCS B OBAJIbHOMY OJTHOPAA1yCHOMY KaJiopi.

INVESTIGATION OF THESEMIFISHED SQUARE ROLLED PRODUCT FORMATION IN THE
OVAL CALIBER VIA ROLLING IN THE ROUGH STANDS GROUP OF THE CONTINUOUS
SECTION MILL

SmirnovYe. N., Belevytin V. A., Samoylova T. D., Sklyar V. A.

The experience of most of the existing rolling mill shows that the surface defects of metal are one of
the main causes of obtaining a insufficient quality of product. In the general structure the highest
number of defects passed on finished products with the original billets.

Modern medium and small-section continuous rolling mills are used combined system of rough
caliber: first used rectangular calibres, and then system of calibers oval — rib oval or oval — round. The
use of the combined system leads to presence of multiple points of transition from one system to
another, which cause whole set of problems associated with the behavior of the surface defects,
especially in the case of implementation of low-temperature rolling conditions.

The method of analysis of stress-strain state of metal during rolling a square strip in the oval caliber in
the stands of the roughing group of a continuous mill in the conditions of low-temperature rolling is
presented. The obtained dependences allow to define a non-uniform deformation of the side surfaces
of the rolled strip in the one-radius oval caliber.
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JOCHIDKEHHA ITPOLECY 3AKPUTTA OCbOBUX NE®EKTIB BE3ITEPEPBHOJIMTUX
3ATOTOBOK ITPU ITPOKATIII HA TJTIAJIKOI BOYLII I B IIPSIMOKYTHUX KAJIIGPY

Crknap B. O., Cuipnos €. M.

HageneHi pe3ynbTaTi MOJICITIOBAHHS NIPOIIECY MTPOKATKU OE3IEPEPBHOIUTOI 3aTrOTOBKH 3 Je(PeKTOM
MaKpOCTPYKTYpPH "'0ChOBa MOPHUCTICTH . J{Jst MpOBEACHHS AOCIIKEHb po3po0IeHa TpUBUMIpHA
KOMIT'FOTEPHA MO/JIEITb TIPOKATKU Oe3MepepBHOIMTOI 3arOTOBKH B IIAJIKUX 1 KATiOPOBaHUX BaJIKAX.
Po3pobiiena Mozienb BpaxoBye BCi OCHOBHI TEXHOJIOTIYHI MapaMeTpy MPOIIeCy, HAasIBHICTh Je(PEKTIB y
MeTaJli 3aroTOBKH 1 MOXKe OyTH BUKOPUCTAHA JJIsI MOJICITFOBAHHS MIOBEIIHKH Ae(EKTIB
MaKpOCTPYKTYPH MiJ1 4ac MOCITIIOBHOI MPOKATKH Y BCIX KIITAX OOTUCKHOI Ipymu 6e31mepepBHOTO
COPTOBOTO MPOKATHOTO cTaHy. Ha mpukiaji mpokaTky B EpIIOMY IPOXOJIi OOTHCKHOT IPyIH
0e3nepepBHOTO COPTOBOTO CTaHy MPOBEICHU MOPIBHIILHUHN aHalli3 0€3KaliOpOBOT MPOKATKY 1
NIPOKATKH B MPSMOKYTHHX KalliOpax. B Xoi 004YrCIr0BAIBHOTO €KCIIEPUMEHTY BUBUCHO BILUIMB Ha
npoIriec "3aKpUTTS 0CbOBOI MOPUCTOCTI TAKUX MapaMeTPiB MPOLECy MPOKATKHU K BiTHOCHE
OOTHCHEHHS Ta TeMIIepaTypa MPoKaTku. B pe3ynbraTi aHami3zy po3paxyHKOBUX JaHUX OTPUMaHi
(GyHKIIOHATBHI 3aJI€)KHOCTI, 1110 JO3BOJISIOTH OI[IHUTH BIUIUB KEPYIOUHX (PAKTOPIB HA BETUUNHY
MPOHUKHEHHS Aedopmariii (cTymens "3akputTtsa’ ockoBoi mopucrtocti). [lponeaypa ontumiszanii gJaHux
(GYHKIIOHATTBHUX 3AJIEKHOCTEH IO MAaKCUMaJIbHOMY 3HaYeHHIO IPOHUKHEHHS AedopMariii 103BoImIa
BU3HAYHTH MOETHAHHS PEKOMEHIOBAaHUX TEXHOJIOTTYHHUX ITAPAMETPIB IS BUMIAJIKY IIPOKATKH K Ha
TIIAJIKii 00YIll TaK 1 B IPSIMOKYTHHX KaaiOpax.

INVESTIGATION OF THE PROCESS OF CLOSING THE AXIAL DEFECTS WITH
CONTINUOUS BREAKDOWN UNDER ROLLING ON A SMOOTH BOX AND IN
RECTANGULAR CALIBERS

Sklyar V. A., Smirnov Ye. M.

The results of modeling process rolling billets with a defect of macrostructure "axial porosity" are
presented. For research developed three-dimensional computer model of the rolling billets in smooth
and calibrated rolls. The developed model takes into account all main process parameters, the presence
of defects in the metal of the billet and can be used to model the behavior of defects of a
macrostructure during of rolling in all stands of crimp group of continuous long products rolling mill.
For example rolling in the first pass, the crimp group of continuous mill made a comparative analysis
rolling on smooth barrel and rolling in rectangular calibers. In the computational experiment the
influence on the process of closure of the axial porosity of such parameters of the rolling process as the
relative deformation and the temperature of rolling. In the analysis of numerical data functional
relationships are obtained, allowing to estimate influence of control factors on the degree of
penetration of deformation (the degree of closure of the axial porosity). Optimization procedure of the
functional dependency for the maximum value of penetration of deformation allowed us to determine
the recommended combination of process parameters for the case of rolling as on a smooth barrel and
rectangular calibres.

BIUIMB HECTABUIbBHOCTI MEXI INIMHHOCTI TAPAYEKATAHOI'O IIAKATY I3 CTAJII
08KIT HA TIAPAMETPU ITPOLIECY XOJIOJJHOI TIPOKATKU

3amoeunvuuti P. O., Bacunes A. J].

3 Teopii 1 IPaKTUKU JTUCTONPOKATHOTO BUPOOHHUIITBA B1JIOMO, 1110 HECTAOUIBHICTh APaMETPIB CTPYKTYPH
1 MeX1 TeKY4OCTi TrapsyeKaTaHoro miakary 3i crami 08Km Jye BIUIMBA€E Ha PiBEHb 1 CTAOUIBHICTh
BJIACTHBOCTEH TOTOBOTO XOJIOJHOKATAHOTO TIPOKaTy. BimoMo Takox, 110 HalOUTBIIIOK HECTA0LTHHICTIO
CTPYKTYPH 1 BIIACTUBOCTEH BiAPI3HAETHCS rapsiueKaTaHUi MmiIKaT TOBIIMHOIO MeHIe 2,0...2,5 MM.
Pazom 3 TMM maHi PO KUTBKICHHUM BIUTUB HECTAOLTLHOCTI MEXKI1 TEKYJOCTI MAKATy Ha TTapaMeTpH
IPOLIECY XOJOAHOT MPOKATKH MPAKTUYHO BiICYTHI. TOMY OTpUMaHHS TaKuX JaHUX aKTyaJbHO.
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Jlana poOoTa mpUCBsSYEHA JAOCIIIKEHHIO HECTaOUILHOCTI migKaTy 31 ctaii 08K, BUpoOIeHOro Ha
BIHIIIC 1680 BAT "3anopixcrans' Ha mapaMeTpy MPOIeCy XOJ0MHOI MTPOKaTKH. [[71s1 BUpimeHHs
[[LOTO 3aBJaHHs Oy BUKOPHUCTAHI CTATUCTUYHI JIaHi PO B3a€MO3B'SI30K MK TOBIIIMHOIO h 1 Mexero
TEKY4YOCT1 OT MiAKaTy, OTpUMaH1 Ha JaHOMY MIAMPHUEMCTBI. 3T1IHO 3 IUMH JJAaHUMH MEKa TeKy4OCT1
mizkary 3aBToBIIKH 2,0 3MiHIOETECS B MeKax Bijx 274 1o 343 H/MM? npu cepefHbOMY 3HAYEHH] I[OT0
napamerpa Ha piBHi 309 H/MM?. 3i 361IbIICHHSIM TOBIIMHH ITiIKATy HECTAOIIBHICTh MEXi TEKYJOCTi
3MeHIIyeThes i py h = 4,0 MM 3HaYeHHS OT 3HAXOAAThCA B Aianasoni 239...263 H/mm2.

B xox1 BuKOHaHHSI poOOTH 3 BUKOPHCTAHHAM Mojielli, cTBopeHoi Ha kadeapi OMT HMeTAY,
JOCIIIPKEHO BILTUB HECTaOIILHOCTI OT MiIKATy Ha MapaMeTpy XOJIOAHOT CMyTrOBHM MTPOKATKU MPU
peanizarii nporecy Ha 6e3nepepBHOMY YOTHPHOXKIIThOBOMY cTaHi 1680 1 Ha TBOXKIIITHOBOMY
peBepcuBHOMY ctaHi 1700, BcTaHOBIIEHHS sSIKOTO HamidaeThest HAa BAT "3amopixcrans'.

Pe3ynbraT BUKOHAHOTO JTOCHIPKEHHS TIOKa3aJIy, 110 31 30UIBIIEHHSIM BUX1THOT MEX1 TEKYJOCTi
rapsueKkaTaHoro MiIkaTy eHeproCUJIOBl MapaMeTpH MPOLECY XOJIOTHOI MPOKATKH 301IbIytoThCs. [1pn
1[bOMY BCTaHOBIICHO, 0 301JIBIIICHHS CHUJIM IPOKATKHU MPAKTUYHO PiBHE 30UTBIICHHIO MEKI TEKY4OCT1
MiJKaTy, B TOW Yac sK 301UIbIICHHS IOTYXHOCTI MPOKATKH ckianae npuommsHo 80...85% Bix
3017BIICHHS OT MiAKaTYy.

Takum YMHOM, HECTAOUIBHICTh MEXI TeKyJoCTi TOHKOTO (2,0...2,5 MM) minkaty, BupoOienoro na BAT
"3amopikcTanp' TPU3BOAUTH A0 J0IaTKOBOTO 30UIBIIICHHS TATOMOI BUTPATH €HEPTil PH XOJIOAHIN
mpokarii Ha 5...15%.

EFFECT OF INSTABILITY YIELD STRENTH OF HOT ROLLED STEEL 08KII ON THE
PARAMETERS OF COLD ROLLING

Zamogil'niy R. O., Vasilev YA. D.

From the theory and practice of rolling production it is well known that the instability of the
parameters of the structure and the yield strength of hot-rolled steel 08k has a great influence on the
level and stability properties of the finished cold-rolled steel. It is also known that the most unstable
structure and properties is different for hot-rolled strip from thickness of less than 2.0-2.5 mm.
However, quantitative data on the effect of instability yield strength for hot-rolled strip on the
parameters of the cold rolling process are virtually absent. In this connection, receiving data such
topically.

The present work is devoted to the study of instability rolled steel 08kp produced at CHRM 1680 JSC
"Zaporizhstal" to the process parameters of cold rolling. To solve this problem have been used
statistical data on the interrelation between the thickness h and yield strength o hot rolled strip
received in the enterprise. According to these data the yield strength of hot rolled strip thickness of 2.0
varies from 274 to 343 N/mm? with an average value of this parameter equal to 309 N/mm2. With
increasing thickness of the hot rolled strip, instability of yield strength is decreases and from h = 4.0
mm values of yield strength ¢ are in the range of 239-263 N/mm?,

In the course of the work using the model established at the department of metal forming NMetAU,
studied the effect of instability ot for hot rolled strip on the parameters of the cold stripe rolling in the
implementation of the process on a continuous for-stand mill 1680 and two-stand reversing mill 1700,
the installation of which is planned at the JSC "Zaporizhstal".

The results of the study showed that increases in the initial yield strength of hot-rolled, energy-power
parameters of the cold rolling process are increased. It was found that an increase in rolling force
substantially equal to the increase of yield strength rolled, while an increase in the rolling capacity of
about 80-85% of the increase for o hot rolled strip.

Thus, the instability of the yield stress of a thin (2.0-2.5 mm) hot rolled strip manufactured by JSC
"Zaporizhstal™ leads to an additional increase of specific energy consumption in the cold rolling by
5-15%.
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Te3u pomoBigeii HAPSIMKY Abstracts of reports on the Topic
BupooHuITBO TPYO Tubes and pipes manufacturing
OnuHaangaTol Mi>KHAPOHOI HAYKOBO-TEXHIYHOT of the 11-th International Scientific and
KoH(pepeHIil Technical Conference
"IlnacTuuna aegopmamin Meramis’’, "Plastic Deformation of Metals™
HanmonansHa MeTanmypriifHa akajeMis Y KpaiHu, National Metallurgical Academy of Ukraine
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3aciganns npoxoauth B Ayauropii D. Yac mouarky ~ Session is at the Lecture Hall D. Time of
KOKHOT JIOMOBIAIMOKHA Y3HATH IIE€Pe]] 3aCiTaHHsgM Y presentation you will know before the
MojiepaTopa session from moderator

CTATUCTUYHE AOCIDKEHHA BEJIMUMHU PIBHOCTIHHOCTI TPY B, IIPOKATAHNUX HA
BE3IIEPEPBHOMY CTAHI

Lpoorcoca 1. B., [Nununenxo C. B.

ToYHICTH TOBIIMHU CTIHKH — O/IHA 3 HAMBAXIUBILINX XapAKTEPUCTUK TPYO, BETMUNHA PO3KUIY SAKOI
periiaMeHTyeThbCs CTaHJapTaMu. 3a0e3MeUnTH JaHUH apaMeTp TOYHOCTI TpyO HalOUIbII CKIIAAHO.
TouHicTh TOTOBUX TPYO € pe3yabTaToM (opMO3MiHM METally Ha BCiX eramnax ii gedopmartii, mpu
LIbOMY OCOOJIUBY yBary CiiJi IpUIUIATH arperary, Ha SKOMy OCTaTOYHO ()OPMYEThCS TOBLMHA CTIHKHU.
CrymiHp BIUIMBY OUTBIIOCTI PaKTOPIB, SIKi BU3HAYAIOTH PI3HOCTIHHICTH TOTOBUX TPYO, MpOKaTaHUX Ha
TIIA 3 6e3nepepBHUM CTaHOM, /10 KiHIIS He yTouHeHa. O/iHe 3 HEJOCTaTHbO BUCBITICHUX NMUTaHb —
BIUTMB TOBIIUHH CTiHKY Ha BEJIMYMHY MTOTIEPEYHOI Pi3HOCTIHHOCTI TPYO.

Jlnst mocmiKeHHS BIUIMBY TOBIIMHU CTIHKU Ha BEIMYHMHY MOTIEPEYHOT pi3HOCTIHHOCTI BIIiOpaHo aBa
nakeT Tpyo po3mipom: 60x5 ta 60x3 mMM. Ilicis mpokaTku Bei TPpyOH Migadncs yabTpa3ByKOBii
TIarHOCTHIII, B XO/I1 SIKOi, CepeJl IHIIUX MapaMeTpiB, Oyia 3aMipsiHa TOBIIKMHA CTIHKY 1 BU3BHAYEHA
NoTepeyHa Pi3HOCTIHHICTh TPYO B3J0BXK KOXKHOI TpyOu. Pe3ynbpTaTu 3amipiB 10Ka3aHi Ha MOJITOHaX
4acTOT BITHOCHOI 1 a0COIOTHOI OMEPEYHOT PI3HOCTIHHOCTI.

Sk BUHO 3 MOJITOHIB, CEPEAHE 3HAYEHHS PI3HOCTIHHOCTI i TpyO po3mipom 60x3 mm, cknano 15,95
% (0,487 MmM), ipu cepeTHBROKBaapaTUYHOMY BiaxuienHi 3,61 % (0,116 mMm); cepeHe 3HaUYECHHS
PI3HOCTIHHOCTI JU1st TpYO po3mipom 60x5 mm — 10,83 % (0,558 mm), mpu cepeAHLOKBAIPATUIHOMY
Bigxunenni 3,00 % (0,159 mm).

B pe3ynbrati gociiakeHs NATBEPKEHO TOM (akT, 110 31 3MEHIIEHHSIM TOBIIMHU CTIHKU TPyOU
abCoJIIOTHA BEJTMYMHA PI3HOCTIHHOCTI 3MEHILIYETHCS, @ BEIMYMHA BITHOCHOT PI3HOCTIHHOCTI
30UIBIIYETHCS. Y CTAHOBIIEHO, L0 TP 3MEHILIEHH] TOBIIMHYU CTIHKH PO3KU/]I 3HaY€Hb BIHOCHOI
PI3HOCTIHHOCTI B MAKeTi TPYO 301IbIIY€EThCS.

STATISTICAL STUDY OF THE VARIATED WALL THICKNESS VALUE OF PIPES ROLLED
ON A CONTINUOUS MILL

Drozhzha P. V., Pylypenko S. V.

The accuracy of the wall thickness is one of the most important characteristics of tubes, the magnitude
of the dispersion which is governed by standards. To ensure the precision parameter of the pipe is the
most difficult. The accuracy of the finished tubes is the result of the deformation of a metal at all
deformation stages, special attention should be given to the aggregate, which finally forming the
thickness of the wall.

The impact of most factors that determine wall thickness value of finished pipes, rolled on TPA with
continuous mill, is not fully clarified. One of the questions is poorly lit — the effect of wall thickness on
the magnitude of the transverse wall thickness value of pipes.
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To study the effect of wall thickness on the magnitude of the transverse wall thickness value selected
two sets of pipes with size: 60x5 and 60x3 mm. After rolling all the pipes were subjected to
ultrasound, which, among other parameters, was measured wall thickness and a defined cross wall
thickness value of pipes along each pipe. The results of the measurements shown in the frequencies
ranges of relative and absolute cross wall thickness.

As can be seen from polygons, mean value of wall thickness for pipe size 60x3 mm, made up by 15.95
% (0,487 mm), with a standard deviation of 3.61 % (0,116 mm); mean value RESNET for pipe size
mm 60x5 — of 10.83 % (0,558 mm), with a standard deviation 3.00 % (0.159 mm).

The studies confirmed the fact that with decreasing of pipe wall thickness the absolute value of
variated wall thickness value reduced, and the relative variated wall thickness value increases. It is
established that with decreasing wall thickness the variation in relative variated wall thickness value in
the package of the pipes is increased.

JO IIMTAHHA PECYPCO3BEPII'AIOUYNX TEXHOJIOTITYHUX ITPOLIECIB BUTTOTOBJIEHHA
TPYb HA CTAHAX XIIT

T'apmawes J]. IO., Paxmanoe C. P., Cokypenxo B. I1.

[TigBuIIeHHS TEXHIKO-€KOHOMIYHHUX MOKAa3HUKIB XOJIOIHOT MUIITPiMOBOT MPOKATKU TPYO € ChOTOJIH1
aKTyaJIbHUM 3aBJIaHHSM. BoHa 00yMOBJICHA ITUKIIIYHICTIO BUPOOHUIITBA, OOOB'SI3KOBHM
3aCTOCYBAaHHSAM TE€PMIUHOT 00pOoOKH 1 T. I. Y naHiil poOOTi po3IIIAHYTI TEXHOJIOTIYHI MPUHOMH SK1
CTIPUSIOTH IMiIBUIIEHHIO IIACTUYHOCTI METally TpyO mpu X0noaHil aedopmarii.
[lepcrieKTHBHUMECTIOCIOMUTITPIMOBOITPOKATKU3UKIIIPYBAHH M.

TO THE PROBLEM RESOURCE TECHNOLOGICAL PROCESSES OF TUBE
MANUFACTURING AT ROLLING MILL CRT

Harmashev D. Yu., Rakhmanov S. R., Sokurenko V. P.

Increased technical and economic indicators of cold Pilger rolling tube an urgent task is today. It is due
to cyclical production, the mandatory application of heat treatment, etc. In this paper processing
methods that improve the plasticity of the rolled metal pipes for cold deformation. A promising
method is Pilger rolling cycling.

YJAOCKOHAJIEHHA KOHCTPYKIIII TPYBOEJIEKTPO3BAPIOBAJILHOI'O ATPETCATY JIJ14
3JIIMCHEHHS CYMIIIEHOT'O ITPOLIECY ®OPMYBAHHS, [TPO®IIIOBAHHS I TEPMIYHOI
OBPOBKH

bosapkin B. B., Hroprbepeep @., Awxenaneysv A. B., I'onoexo O. M., ['opouu U., Pooman /1., Pemes O. A.

Jnist miABUIIIEHHS TPOIYKTUBHOCTI TPYOOENeKTPO3BaPIOBAIIbHUX arperaTiB palioHaIbHUM €
MIPOBEJICHHS TEPMIYHOI 00pOOKH Oe3rmocepeIHbO B TEXHOIOTTUHIN JTiHI].

Buxo/sun 3 BUCOKHX IIBUAKOCTEH Cy4acHUX 3BapIOBAJIbHUX BY3JIiB HarpiB MOKJIMBO MPOBOIMTH 32
JIOTIOMOTOI0 BCTAHOBJIEHOTO B JIiHIT 1IHAYKTOpA, 3a IKUM JIOLIIJIbHA YCTAaHOBKA OOIaHAaHHS AJIs
crpeilepHOro BOJIOTIOBITPSIHOTO 0XOJIO/KEHHS. TakuM crioco6oM MOXKIIMBO OTPUMYBATH JTOBTOMIpHIi
MOPO’KHUCTI TOHKOCTIHHI BUPOOH 3 BIIMIHHHM I10 IOBXKHHI pIBHEM MEXaHIYHUX BJIIACTUBOCTEN Is
MOJJAJIBIIIONO OTPUMAHHSI MOPOKHUCTUX TOTOBUX BUPOOIB Pi3HUMHU BUAAMU 0OPOOKH METalliB THCKOM.
g dopmyBanHs TpodiIiB CKIaaHOT GopMU 3 KaTiOpoBaHOi 3BapeHO0] TpyOHOT 3arOTOBKHU
3alpONOHOBAaHA KOHIIETIIS YHIBEpCalIbHOI 0araToBajJIKoOBOi HEMPUBOIHOI KJIiTi. Po3pobieHo
KOHCTPYKIIIIO TaKOi KJIITI Al yCTAHOBKU B YMOBax TpyOOeNeKTpo3BaproBajbHOro arperaty [HCTUTyTY
Martepiaio3HaBcTBa ['aHHOBEpPCHKOTrO yHiBepcUTeTy iM. JIeiOnuts. s BUpoOHUIITBA KBaIpaTHOTO
npodiaro po3mipamu 16x16 mm 3 ToBIMHOIO cTiHKH 0,5 MM 31 cTam 22MnB5 Oymu po3paxoBaHi
NEpUMETP 3aTOTOBKH, BU3HAUEH1 €HEPrOCUIIOBI apaMeTPH JaHOTO MPOIIECY, MOMKIIUBICTh
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IPOIITOBXYBAHHS KPYTJIOi 3arOTOBKH Yepe3 HEMPUBOIHA KIIITh 32 PaXYHOK 3yCHIUISA (POPMYIOUNX
KJIITEH, po3paxoBaHi MapaMeTpH KaaiOpyBaHHS BaJIKiB HEMPUBOIHUH TTpodimtorouoro kiiTi. CTanib
22MnBS5 yacTo 3aCTOCOBY€ETHCS PU BUPOOHUIITBI JieTajell MAlllnH i MEXaHi3MiB BiANOBIaIbHOTO
MPU3HAYEHHS B aBTOMOO1IbHIN MTPOMHKCIIOBOCTI 3aBJISIKH BUCOKOMY PIBHIO MEXaHIYHUX BIACTHBOCTEH.
Takox 3amporoHOBaHi1 TEXHOJIOTIYHI MapaMeTpy 1HAYKIIHHOTO HarpiBy. Po3po6iieHo Ta BCTaHOBICHO
CHCTEMY BOJIOTIOBITPSIHOTO OXOJIO/DKEHHS TPYOH 3 peryibOBaHUM IOJIOKEHHSIM (DOPCYHOK, sIKa
JI03BOJISIE€ 3IICHIOBATH TIEPIOUYHE OXOJIOKEHHS [0 JOBXKUHI MPOodiIro.

MODERNIZATION OF AN ELECTRIC-WELD PLANT FOR PERFORMING COMBINED ROLL
FORMING AND HEAT-TREATMENT PROCESSES

Boiarkin V. V., Niirnberger F., Ashkelyanets' A. V., Golovko O. M., Hordych I., Rodman D., Remez O. A.

For an increase in the productivity, the performing of a heat-treatment directly in the technology line is
a promising approach.

Based on high welding rates of the modern roll forming mills, the inductor heating method can be
efficiently implemented with a subsequent water-air spray cooling. With this method, it becomes
possible to manufacture long thin-walled hollow profiles with tailored properties in the longitudinal
direction for the post-machining.

A layout of a uniform multiple-roll nondriven stand is suggested to form complex profiles from a sized
tube billet. The stand was developed for the incorporation in the electric-weld plant at the Institute of
Materials Science in the Leibniz University Hanover. To produce a square profile with dimensions
16x16 mm and a wall-thickness of 0.5 mm made of the steel 22MnBS5, the billet perimeter, the power-
force parameters, the possibility of tube billet pushing through the nondriven stand with the pushing
force of the sizing stands and the grooving of the rolls in the non-driven stand were calculated. The
steel 22MnBS5 is used often to manufacture the high-reliable machine components in the automotive
industry due to the high level mechanical properties.

The technology parameters of the induction heating were suggested as well. A spray cooling system
was designed and constructed with an adjustable position of nozzles that allows for a periodical
cooling in the longitudinal direction.

BIUJIMB IIBUIKICHUX PEXXUMIB OITPABKU HA SIKICTh YOPHOBOI TPYEH 1 CTIMKICTH
IHCTPYMEHTY ITPU PO3KOUYBAHHI HA TPLOXBAJIKOBOMY BE3IIEPEPBHOMY CTAHI

Paovkun A. 1., bobapxun FO. JI.

[Ipornec po3kouyBaHHs I'iJib3 HAa pa3KaTHOMY CTaH1 XapaKTepPU3YEThCs CKIaIHUM JedopMaliiHo-
KiHEMaTHYHUM Ta HaIlPpy>KeHO-Ie()OPMOBAHIM CTAaHOM. Bu3HaueHHs YMCETbHUX 3HAUYEHb HAIPYT,
nedopmaltiif 1 TeMnepaTyp B ocepeliky redopmarliii 3ade3nedye MOKIMBICTh ONTUMI3ALIT PoLeCy
PO3KOYYBaHHS 3 METOIO 3MEHIIIEHHS 3HOCY BAJIKIB 1 OIIPABOK, MIJBUIIIEHHS IKOCTI OJIepPKyBaHUX
YOPHOBHX TPYyO 32 paXyHOK ONTHUMI3allli HACTPOIOBAIBHUX MAapaMeTpiB IHCTPYMEHTY. IcHytoui
aQHAJIITUYHI METOM PIIIEeHHS 111€1 3a/1a4l HE 3aBKIU €EKTUBHI.

Merta poboTu: BusHauuTu ontuManbHi HACTPOIOBAIbHI TApaMEeTPH IHCTPYMEHTY Oe31epepBHOTO
TPHOXBAJIKOBOT'O Pa3KaTHOTO CTaHy JJIsl OTpUMaHHs npodinto Tpyou 168,3x4,5 mm 13 crami 20,
JI03BOJISIFOTH 3HU3UTHU 3HOC MPOKATHOTO 1HCTPYMEHTY 1 MiIBULIIUTHU SKICTh YOPHOBOT TPYOH.
CrtBOpeHa ajieKBaTHA YHCEITbHA MOJIEITh TIPOIIECY PO3KOYYBaHHS T'ijIb3 Ha TPHOXBAITKOBOMY
Oe3nepepBHOMY CTaHi Ta MPOBEIECHO PsIJl YUCEIbHUX €KCIIEPUMEHTIB MpoIecy po3KkouyBaHHs TpyO. Ha
MiICTaB1 aHaJi3y HANPYKEeHO-1e()OPMOBAHOTO CTaHy B OcepeaKy edopmaliii HopHOBOI TpyOH Oynn
BU3HAYEH1 ONTUMAJIbHI IIBUKICHI PEKUMH OMPABKH, sIKi 3a0€3Me4UyI0Th 3HIKEHHS 3HOCY POKAaTHUX
BaJIKIB 1 OMPABOK, KU Oe3MocepeIHbO BIUIMBAE HA SKICTh YOPHOBUX TPYO.
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INFLUENCE OF SPEED RATES OF THE MANDREL ON THE QUALITY OF ROUGH TUBES
AND TOOL DURABILITY DURING THE ROLLING-OFF ON A THREE ROLL CONTINUOUS
MILL

Rad'kin Ya. |., Bobarkyn Yu. L.

The shell elongating process on a reeling mill is characterized by difficult mode of deformation and
strain distribution. The determination of numerical values of stresses, deformations and temperatures
in the deformation zone provides the possibility of optimization of the elongation process for the
purpose of diminution of rolls and mandrels deterioration and increasing the quality of the received
rough tubes by optimizing adjusting parameters of the tool. Existing analytical methods of solving this
problem are not always effective.

Work purpose: To determine optimal adjusting parameters of the tool of a three roll reeling mill for
receiving the tube profile of 168,3x4,5 mm made from steel 20 that give the opportunity to reduce
rolling tool deterioration and to increase the quality of rough tubes.

A numerical model of elongating process on a three roll continuous mill was invented and number of
numerical experiments of the process of tubes rolling was performed. Based on the analysis of the
stress-strain state of a rough tubes deformation zone, optimal speed rates of the mandrel providing the
decrease in mill rolls and mandrels deterioration which influences directly the quality of rough tubes
were determined.

AHAJII3 TOYHOCTI BE3IHIOBHUX I'APAYEAEPOPMOBAHHUX TPVYE 3
BUKOPUCTAHHSIM I'APMOHIMHOI'O AHAJII3Y

Jlpooicoca 11. B., Miwenxko 1. I'., Ckopomnuti C. A.

Amnaini3 ToyHOCTI rapsyeieopMoBaHuX TPyO MO BiIOpaHUM PoOaM HE 3aBKIH J103BOJISIE BUSIBUTH
BCl IPUYMHY M1IBUIICHO]T MTOTIEPEYHOI Pi3HOCTIHHOCTI TPYO 1 ONEPaTUBHO BXKUTH 3aX0H MIOAO 1X
ycyHeHHs1. HasiBH1 MeTo1u aHasti3y HoNepeyHol pi3HOCTIHHOCTI HE 1aI0Th MOXJIMBICTh BUIIIUTH
CKJIaJIOB1 PI3HOCTIHHOCTI, III0 HE JI03BOJIsIE aKTUBHO BIUIMBATH Ha MPOLIEC MPOKATKH, 3MIHIOIOUYH
BIJIOBIAHUM YMHOM HaJIaIITYBAHHS KIIITEH.

[Ipu ominHI CymMapHOi MOMEPEYHOT PI3HOCTIHHOCTI TPYO BaXKJIMBO BUJIIUTH 1 KUTHKICHO OI[IHUTH
HaBe/IeHy CUMETPUYHY PI3HOCTIHHICTh NP MO30BXKHBOI IPOKATIi TPyO B KPYIriuX Kajiopax i
eKCIIEHTPUYHY PI3HOCTEHHICTh, BHECEHY TPYOOI0-3aroTiBiieto (IJIb3010) MPH MPOLIMBIIL B
KOCOBaJIKOBHX CcTaHax abo Ha mpecax.

VY po0oTi mpeacTaBIeHU METO/1 aHalli3y MOMEePeUHOi Pi3HOCTIHHOCTI rapsyeie)opMOBaHUX TPYO Ha
TIIA 3 ninirpiMoBUM 1 6e3nepepBHUM OIPABOYHUM CTAaHOM 3 BUKOPUCTAHHSAM rapMOHIMHOTO aHami3y,
MTOKa3aHa MOKJIMBICTh BUAUIEHHS CKJIaI0BUX MONEPEYHOI PI3HOCTIHHOCTI. TOBIIMHA CTIHKH B
3aJlaHOMY Tepepi3i TOTOBOI TPYOH pO3IIIAAAETHCS K (PYHKIIISI KyTOBOI KOOPAWHATH Y BUTJIAI CYMU
Cepe/IHbO1 TOBIMHY CTIHKH 1 CKJIQJOBUX NEPIONYHUX KOMIIOHEHT, 10 BU3HAYAIOTh MTONEPEUHY
pizHOCTIHHICTb. [locTaBreHa 3a7jaua BUPIIIYETHCSI METO/IOM alpOKCUMAIil ePIOANYHOT PYHKIIIT 3MIHU
TOBIIMHU CTIHKH TPyOH 3a joromMororo nojginoma dyp'e. B kiHIeBoMy MiJICYMKY 3a TOTTOMOTOFO
creniadbHO po3po0IeHOT KOMI'IOTEPHOI POrpamMHu ISl 3aJaHUX BUXIIHUX JAaHUX BU3HAYAEMO
BEJIMYMHU €KCLIEHTPUYHOI 1 CHMETPUYHOIO CKJIaIOBUX PI3HOCTIHHOCTI.

ANALYSIS OF ACCURACY (PRECISION) OF HOT DEFORMED SEAMLESS PIPES USING
THE METHOD OF HARMONIC ANALYSIS
Drozhzha P. V., Mishchenko Y. H., Skoromnyy S. A.

Analysis of accuracy of hot deformed pipes in taken samples allows not always revealing all the
reasons of increased cross wall thickness deviation and take timely measures for their correction.
Existing methods for analyzing the cross wall thickness deviation give no possibility to highlight the
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components of wall thickness deviation what does not allow actively influencing the process of rolling
changing the stands adjustment in a properly way.

While estimating the summary cross wall thickness deviation of pipes it is important separating and
assessing the induced symmetric thickness deviation at the lengthwise rolling the tubes in round
grooves and the eccentric thickness deviation induced by the tube stock (hollow billet) at the piercing
in the skew rolling mills or presses.

This paper presents a method for analyzing the cross wall thickness deviation of the hot deformed
pipes in tube rolling mills with pilger and continuous mandrel mill using the harmonic analysis and the
possibility of highlighting the components of the cross thickness deviation is shown. The wall
thickness deviation in the given cross section of a finished tube is considered as function of the angle
coordinate in the form of sum of the average wall determines the wall thickness deviation. The set
problem is solved by the method of approximating the periodic function of changing the tube wall
thickness by means of Fourier polynom. Finally one determines the value of eccentric and symmetric
components of wall thickness deviation by means of the specially developed computer program for
given initial data.

MATEMATHYHI MOJIEJII PI3HOBUTHOCTEN IIOITEPEYHOI PI3BHOCTIHHOCTI
BE3HIOBHUX 'APAYEJED®OPMOBAHUX TPVYb

Hpoococa 1. B., Miwenxo 1. I'., Ckopomnuii C. A.

3BHYAITHO PUITHATO PO3PI3HATH J1Ba BUAM MOMEPEYHOT PI3HOCTIHHOCTI: €KCIIEHTPUYHY 1| CHMETPUYHY .
ITpu 1bOMyY BKa3yeThCs, 1110 €KCLIEHTPUYHA PI3HOCTIHHICTh YTBOPIOETHCS MIPU MPOIIUBLI Ha CTAaHAX
NOTIEPEYHO-TBUHTOBOT MPOKATKH 200 HA Mpecax, a CAMETPHYHA — IIPU MPOKATIi TPyO y KPYyriux
KaiOpax 3 BUITYCKAMH.

Benmuuna i XxapakTep pi3HOCTIHHOCTI, 1110 HABOJUTHCS B OE3MEPEBHOMY ONPAaBOYHOMY CTaHi 3aJICKUTh
BiJl IILJIOTO psiy (pakTOpiB, cepes] IKUX MOXKHA BUIIJTUTH OCHOBHI:

- HEIIpaBWJIbHA YCTAHOBKA KJIITEH Y CTaH1 1 BaJIKIB y KJIT1 11O OCI IPOKATKH;

- HETOYHA YCTAaHOBKA 3a30piB MIXK BaJIKaMH B MOPIBHAHHI 3 TAOJTMYHUMHU 3HAUEHHSIMU;

- HEBIJIMOBIAHICTh TEXHOJIOTTYHOTO IHCTPYMEHTA PO3MIpy TPYO, 1110 MPOKKATYIOThCS, (HAIPUKIAL, Y
3B'SI3KY 3 YHi(iKaIli€ro ONpaBoK);

- IEPEKIC BAJIKIB;

- OCHOBHI 3CYB KaJliOpiB BaJIKiB BiJHOCHO OJHMH OJHOTO;

- Ipy»Ha Jepopmalliist eIEMEHTIB KIITi;

- 3HOC KaJliOpiB YHCTOBUX KIIITEH;

- "HemepekpuTTs' " KamiOpyrounx JUISHOK CYMIKHUX KaiOpiB.

CkiaioBa nomnepevHoi pi3HOCTIHHOCTI, sIka 3B's13aHa 3 HECHIBBICHICTIO YCTAHOBKH OKPEMHUX KIIITEH
CTaHy (B OCHOBHOMY YHCTOBOI IPYIH), MAa€ €KCIIEHTPUYHUM XapakTep. BigXxuaeHHs TOBIIUHU CTIHKH
TpyOH BiJ] cepeIHbOI BEIMYMHU IIPU HETIPaBHIILHO 0OpaHOMY 3a30pi MK BaJIKAMU HOCHUTb
CUMETPUYHHI XapakTep 1 MOB'sI3aHe HacaMIlepe/1 3 TOUHICTIO HAaCTPOIOBAHHS BAJIKIB Y UHCTOBIH rpymi
KJIiTel. YHi(ikaiis onpaBoK CIpUYNHSE 3HUKEHHS TOYHOCTI YOPHOBUX TPYyO, TOMY IO JUIS
OJIepKaHHS Ha OJIHIM OIpaBIli TOBIIMHU CTIHKH, BIAMIHHOT BiJl HOMIHAIBHOT, HEOOX1THO BiJIMTOBITHO
PO3BOJMTHU UM 3BOJIUTH KaJliOpU YMCTOBUX KIIITEH, 1110 BeJe 10 HEPIBHOMIPHOTO OOTUCHEHHS CTIHKH B
KpYTJIii yacTHHI KaniOpy 1 HaBeACHHIO CUMETPUYHOI pi3HOCTIHHOCTI. [lepekic kaniOpiB 1 3cyB KaniOpiB
BiTHOCHO OJTUH OJTHOTO MIPUBOJIUTH 10 30UIbIIIEHHS 30HH OOTUCHEHHS TI0 BEPILKHI Kaliopy 3 00Ky
3CYBY 1 3MEHIIICHHS 3 TPOTHIICKHOT CTOPOHH.

Jleski BUIM ONEPevHO1 pi3HOCTIHHOCTI, IXHS rpadiyHa iHTeprpeTanis Ta GyHKIii, 110 ONUCYIOTh
OKpeMI1 BUJIA PI3HOCTIHHOCTI HABEJEHO HIDKYE.
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MATHEMATICAL MODELS OF KINDS OF THE CROSS WALL THICKNESS DEVIATION IN
SEAMLESS HOT DEFORMED PIPES

Drozhzha P. V., Mishchenko Y. H., Skoromnyy S. A.

It is customary to distinguish between two kinds of lateral variation in wall thickness: eccentric and
symmetrical. This indicates that the eccentric variation in wall thickness formed by firmware on mills
helical rolling, or presses and symmetrical — when rolling tubes in round caliber releases.

The size and nature of the variation in wall thickness that is induced in a continuous mandrel mill
depends on a number of factors, among which are the main ones:

- Incorrect installation of stands in the mill and the rolls in the cage for the rolling axis;

- Correct setting of the roll gap when compared with tabulated values;

- Mismatch of technological tools size rolled tubes (for example, in connection with the unification of
the mandrels);

- Distortion of the rolls;

- Axial displacement caliber rolls relative to each other;

- Elastic deformation elements stand;

- Wear caliber finishing stands;

- "Not overlap" calibrating portions adjacent calibres.

Component transverse variation in wall thickness, which is related to installation misalignment of
individual mill stands (mainly finishing group) has an eccentric character. Wall thickness deviation
from the average value properly chosen in nip is symmetrical and is primarily associated with setting
up the rolls in the finishing train. Unification mandrels reduces the accuracy of the rough pipe, as for
one mandrel wall thickness that is different from the nominal, it is necessary to reduce, respectively
raise or gauges finishing stands, which leads to uneven compression in the wall of the round caliber
and restore a symmetrical variation in wall thickness. Misalignment gauges and displacement gauges
relative to each other increases the compression zone at the top by the displacement gauge and
decrease on the opposite side.

Some lateral variation in wall thickness, and their graphic interpretation of functions describing the
individual types of variation in wall thickness are shown below.

PO3BUTOK TEXHOJIOI'II BUTOTOBJIEHHS, KOHCTPVYKIIII I METOIB PO3PAXVYHKY
CTBOJIIB CTPUIELILKOI 35PO1

Pozos [O. T

V naniit poGoTi 3apONOHOBAaHUI Ta peasli30BaHUM croci0 BUTOTOBJIEHHS JIOBrOMipHOi TpyOdacToi
3aroTOBKH (CTBOJIBHOT 3aTOTOBKH) 3 KOPOTKOI 3arOTOBKH METO/I0M T1JIpOEKCTPY3il Ha PyXOMIH I1ajKii
OTIpaBLi B CEPEOBUILI BUCOKOTO T1IPOCTATUYHOTO THCKY.

3anponoHOBaHi HOB1 TEXHOJIOT1T BUTOTOBJIEHHS MPELN31iiHOI TOBCTOCTIHHOI TPyO4acToi 3arOTOBKH 3
BHYTPIIIHIMU TBUHTOBUMH KaHaBKaMM Ha MPHUKJIAJl BUTOTOBJIEHHS CTBOJIA 3 MOJITOHATBHUM
npodinem:

- IIPOLIEC, 3aCHOBAHUH Ha OOTHUCHEHHI CTBOJILHOI 3arOTOBKH 110 MPOo(diIbHIM onpaBIii HEMPUBOAHUMHU
POJIMKaMH;

- IPECYBAHHSA-BOJIOYIHHS CTBOJIBHOI 3arOTOBKH 3 MPOQLIBHOIO OMPABKOIO YePe3 IIaJIKy KOHIUHY
MaTpHIIO 3 Qikcalliero (IIEHTPYBaHHIM) 3aTOTOBKHU IO KaJiOpyBalbHOMY MACKYy.

Briepiie po3po0ieHa 3acHOBaHa Ha BUKOPUCTaHHI MeToay ckiHueHux enementiB (MCE) meronnka
BuzHaueHHs1 HIIC cTBOMIB CTpinenpKoi 30poi 3 BHYTPIIIHBOIO MOBEPXHEIO KaHATY pi3HOI (hopMH, IO
3HAXOJATHCSA MiJ] BIUIMBOM BHYTPIIIHHOI'O CTATUYHOTO 1 TMHAMIYHOT'O HaBaHTa)KEHHS.
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THE DEVELOPMENT OF MANUFACTURING TECHNOLOGY, DESIGN AND METHODS OF
CALCULATION OF ARMS BARREL

Rozov Y. G.

In this work, the method of production long-measuring tubular blank (barrel blank) from a short blank
by hydrostatic extrusion on the smooth moving mandrel in the high-pressure medium is proposed.

We propose the new technologies for receive precision thick-walled tubular blank with inside screw
groove by manufacturing rifled barrel with polygonal section:

- double-line process, based on crimping barrel blank on the profile mandrel by rolling (wire drawing)
idle rollers;

- pressing-wire drawing of barrel blank with the profile mandrel through the smooth conic mould with the
fixation (centering) of blank on parallel land without limitation and with limitation of flow of metal on length.
For the first time the method of detection VAT for barrels of small-arms with the inside rifled surface of
various shape, situated under the influence of internal static and dynamic loading based on the use of FEM.

OCOBJIMBOCTI XOJIOAHOITUIBI'EPHOI'O ITPOLECY TP BUPOBHUITBI KOHIYHUX
TPYBYACTUX BHUPOEGIB

Buwwuncokuii B. T., Paxmanos C. P., Caghonos JI. A.

JloBromipHi TpyO4acti BUpoOH 3MiHHOTO Tepepi3y, sKi piBHOMIIHI U1 IEBHOTO BU1Y HaBaHTaKEHHS,
JIO3BOJISIFOTH JJOCSATTH CYTTEBOI €KOHOMII METaly B pa3i 3aCTOCYBaHHS iX B SIKOCTI HECYUHX €JIEMEHTIB
PI3HUX METAIOKOHCTPYKIIiH a00 Aeraneld MamuH. Y psii BUMAAKIB TPyOH 3MIHHOTO mepepizy
3a0e31euyroTh JOCATHEHHS IIEBHOTO TEXHIYHOIO €eKTy — HalpuKJial, B TPyOOIIPOBOJIaX 31 3MIHHOIO
0 JOBXHHI HIBUJIKICTIO IIOTOKY CEpeIOBUILA.

Haii6ibn1 mpocTiM 1 MPOYKTUBHUM € TIPOLIEC BUPOOHUIITBA KOPOTKUX KOHIYHUX TPYO, JOBXKHHA SIKUX
HE TIEPEBHIIYE JOBKHHY PO3TOPTKU CTPYMKa KalniOpiB CTaHy XOJIOJHOT MUTBIrepHOI MPOKaTKH. BoHn
BIIPI3HAIOTHCS BUCOKOIO SIKICTIO TIOBEPXHI 1 TOUHICTIO TEOMETPHUYHKX po3MipiB. IlepcriekTuBHIM
CIocoO0M OTPUMaHHS JOBIOMIPHUX KOHIYHMX BUPOOIB € Mpolec iX GOpMyBaHHS XOJIO0AHOIO MIPOKATKOIO
Ha CTaHaX BaJIKOBOT'O THITY 13 3MIHHOIO BETMUUHOIO X0y poboyoi kiiTi (XIITK).

Po3rnsiHyTO OCHOBHI MOJIOKEHHS TEXHOJIOTTYHOT'O MPOLIECy, KOHCTPYKTHUBHI OCOOJIMBOCTI
cnemianizoBanux ctaHiB XIITK-40 1 XIITK-75 3 MexaH14HUM peryab0BaHUM MPUBOAOM pOOOUOL
kiiTl. [Ipeacrasnena iTepanilina Moienb GOPMOYTBOPEHHS! KOHIUHUX TPYO 3 BUKOPUCTAHHSAM JIHIHHO-
KOHYCHOTO KaiOpyBaHHsI, IO TO3BOJISIE BU3HAYATH NTApaMETPH HATAIITYBAaHHS MPHBOJHOTO
MmexaHi3My. HaBenieHo pe3ynbTaT BipTyadbHHMX 1 HATYPHUX JIOCIIIKEHb MPOLECIB MPOKATKH
KOHIYHUX TPYO pi3HOI TOBXKUHHU.

FEATURES COLD ROLLING PROCESS IN THE PRODUCTION OF TAPERED TUBULAR
PRODUCTS

Vishinskyi V. T., Rakhmanov S. R., Safonov L. A.

Lengthy tubular products of variable section, being of equal strength for a particular type of loading,
can achieve significant savings in the metal case of using them as bearing elements of various steel
structures or machine parts. In some cases, the tubes of variable cross section achieving provide certain
technical effect - for example, in pipelines of varying along the length of the medium flow rate.

The easiest and most productive is the production process of short conical tubes, the length of which
does not exceed the length of the sweep stream gauges mill Cold pilger rolling. They are characterized
by high surface quality and accuracy of the geometric dimensions. A promising method of producing
lengthy conical products is the process of their formation in the cold rolling mills roller type with a
variable quantity of the working stand stroke (HPTK).

The main provisions of the process, the design features of the specialized mills HPTK-40 and HPTK-75
with a mechanical adjustable working cage drive. Iterative model shaping conical tubes using a linear
calibration cone, allowing to define the parameters of the actuator settings. The results of field studies
and virtual rolling processes conical tubes of varying lengths.
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KYTOBE BAI'TATOKAHAJIBHE IIPECYBAHHSI
3yoro IO. IO., @ponos A. B., [lanacenxo 1. A.

VY naHiii cTaTTi IpEICTaBICHO aHAII3 ICHYFOYMX METO/IIB IHTCHCHUBHOI TUIACTUYHO1 AedopMaliii, 1o
3a0e3mneuye BUCOKY SIKICTh MIKPOCTPYKTYPH, sIKa 3a0e31eduye BUCOKI MeXaHiqHi BIacTuBocTi. Kpim
TOTO, y CTATTI MPEACTaBICHUN HOBUH METOJT IHTEHCUBHOI IJIacCTUYHOI nedopmartii, skuii OyB
po3pobiieHni Ha OCHOBI monepeHuKiB. HoBuii MeTo 1 m030aBIeHM HEOIKIB CBOIX TOMIEPEIHHUKIB, 1
1€ JTI03BOJISIE OTPUMATH PAKTUYHO TOTOBY JeTalib 3a 1 aedopmarniitnmii nepexin. Ilepmri qocmimkeHHs
HOBOTO Ipoliecy OyIUIOB’sI3aH1 3 TOTOKOM METally BcepelnHi iIHCcTpyMeHTy. ExcriepumenTu
MIPOBOJIMIIMCS HA TUTACTHIIIIHI 1 CBHHII. BCi oTpuMaHi pe3ysbTaTi mpeacTaBieHi y BiIOBITHIX
po3aigax poOoTH.

MULTICHANNEL ANGULAR EXTRUSION
Zubko Yu. Yu., Ya. V. Frolov, Panasenko I. A.

This work is dedicated to the new process, namely multichannel NECAE. The development of this
method in the future will allow to obtain products with high mechanical and performance properties of
cheaper raw materials. The use of different approaches to the tasks it possible to obtain information
about the behavior of the metal inside the tool and the output from it. Basic research in this article
relate to the analysis of material flow in the tool and the distribution of stresses in PPPZ (pressing part
of the plastic zone). In the article used the latest solutions in the field of mathematical simulation of
metal forming, namely software product QForm V8. The performed mathematical modeling showed
high agreement with experimental research that makes it possible to further reduce resource
consumption in the research of this process.

JTOCJKEHHS PEJXXVMIB ITPECYBAHHSI AL-MG-SC CIUIABIB 3 YVPAXYBAHHSIM YMOB
MTOTIEPE/IHBOT JE®OPMALIIT BUXITHOT 3ATOTOBKU

Anopees B. B., Awukenaneys A. B., Konosooos /]. B.

3HIKEHHS Macy TPAHCHIOPTHHUX 3ac001B B MAIIMHOOY/1yBaHH1 € aKTyaJlbHUM HaIIPSIMOM IT1IBUIIICHHS
MacH KOPUCHOTO BaHTaXy 1 3HM)KEHHS BUTPATH NauBa. JJOCATHEHHSI BUCOKHUX BJIACTMBOCTEH MIITHOCTI
QTIOMIHIEBUX CIUIABIB HalYacTiIIe He Ha MIKOAY X TEXHOJIOTTYHOCTI. B manwuii yac po3poOstoThes
HOBI CIUIaBH, 1110 MAIOTh ICTOTHO OLIBIII BUCOKI XapaKTEPUCTUKU, TEXHOJIOTTYHICTD 1 HaIIHHICTD.
BrnipoBakeHHs TakuX CIUIaBiB JO3BOJIUTH HE TUIBKU MIABUILKUTH HAIIWHICTE 1 pecypc KOHCTPYKIII,
aJie 1 3HU3UTH iX Bary i METaJIOEMHICTb.

MeToro poOOTH € yIOCKOHAJIEHHS PEXUMIB IIPOLECY MPSIMOI0O Tapsyoro MpecyBaHHs JOBIOMIPHUX
BHPOOIB 31 CIIJIaBiB HA OCHOBI AJIIOMiHiI0, SIKi I0JJATKOBO JIETOBaH1 CKaH/IEM 3 ypaxXyBaHHIM
norepeaHbOI FTOMOTeHI3alliiHOoI AeopmariiiiHoi 00poOkH (BlIbHA Ocajka + MPOTSHKKA).
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VY 3B’513KY 13 TUM, 1110 0OpaHi aTIOMiHI€BI CIUIABU BIIHOCATHCS A0 TPYIH TEPMIUHO HE 3MIITHIOEMUX
CIIaBiB — 00poOKa TUCKOM € €IMHUM CIIOCOOOM Horo 3mirtHeHHs. OIHaK monepeaHbo BU3HAUEH1
rpaHUYHI YMOBH J1e(hOpMyBaHHS BKa3yIOTh Ha HEMOKJIMBICTh MPOBEACHHS MTPOLIECY MTPECYBAHHS 3
BUCOKMMHU KoedimienTamu nedopmartii. OMHUM 13 HAIPSIMKIB BUPIIIICHHS ITI€T 3a/1a4i € BUKOPUCTAHHS
HoTepeIHb0i 00POOKH TUCKOM BHXITHOI 3arOTOBKH (Oreparii BITbHOTO KyBaHHS Ta MPOTATYBAaHHS),
10 JT03BOJIUTH 3MEHIIUTH MTONIEPEUHY HEOTHOPIAHICTh BUX1AHOT 3arOTOBKH Ta ITiIBUIIUTH i1 MEXaHIYH1
BractuBocTi. OHAK 10ci He 0YII0 PO3poOIEHO PEKOMEH I MO0 3aCTOCYBAaHHS BKa3aHUX CIIOCOOIB
nedhopMyBaHHS ISl OTPUMaHHS HEOOX1THUX TTapaMeTpiB.

[IpoBenenuii B poOOTi NOPIBHAUIBHUI aHai3 yMOB AedopMarliii B mpoLeci mpsMoro rapsiaoro
NPeCyBaHHs, a CaM€ MaKCUMAIILHOI CHJIM Ta TEMIIEPATyPH, TOKA3Ye, 1110 sK 1 mependavanocs,
nonepeHs nedopmaliiina o00poOKa, KOTpa BUCTYIIAE Y BUTIISAI TOMOTEHI3aIIHOT, TPU3BOIUTH J10
NoJIiNIeHHst yMoB aedopmyBanHs. [Ipu 11bOMy BCTaHOBJICHO, IIO:

- MaKCUMaJIbHa CUJIa IpecyBaHHs 3HMKYeThCs Ha 50-70%, y MOpiBHAHHI 13 TPAJAULIIHHOIO CXEMOIO
NIPECYBaHHS 13 JINTOI 3arOTOBKH;

- MaKCUMallbHa TeMIIepaTypa po3irpiBy MeTairy, B poIleci MOPiBHSUIBHOTO aHaIli3y, 3HAYHO He
3MIHIOEThCS, 1[0 TOBOPUTH O HE3HAYMMOCTI BIUIMBY IONEPEIHBOI 00POOKH Ha BKa3aHUM Imapamerp.
[Ipu mpoMy, Ha BCIX eTanax J0CiiPKeHb MaKCUMallbHa TeMIIepaTypa MeTaly He JI0CSATa€E KPUTHIHHUX
BEJIMYMH 1 3HaX0AUThCs B Aiana3zoHi Tmakc=380-430 °C, 1m0 MOBMHHO MPU3BOJIUTH JO MAKCUMAJIHLHOTO
edexTy 3MIITHEHHS MeTalTy Ticis aedopmariii.

INVESTIGATION REGIMES EXTRUSION OF AL-MG-SC ALLOYS INTO ACCOUNT THE
CONDITIONS PREVIOUS DEFORMATIONS OF THE ORIGINAL PIECE

Andreiev V. V., Ashkelyanets' A. V., Konovodov D. V.

Reducing the mass of vehicles in the engineering industry is an actual direction of increasing the mass
of payload and reducing fuel consumption. The achievement of high strength properties of aluminum
alloys is often at the expense of their manufacturability. Now, new alloys are being developed that
have significantly higher characteristics, manufacturability and reliability. The introduction of such
alloys will not only increase the reliability and life of the structure, but also reduce their weight and
metal consumption.

The aim of the work is to improve the modes of the process of direct hot pressing of long products
from aluminum-based alloys that are additionally doped with scandium, taking into account the
previous homogenization deformation processing (free sediment + broaching).

Because the selected aluminum alloys belong to the group of thermally unstrained alloys, pressure
treatment is the only way to harden them. However, the predetermined boundary conditions of
deformation indicate the impossibility of carrying out the pressing process with high draw ratios. One
of the directions of solving this problem is the use of pre-treatment of the initial workpiece (free
forging and broaching operation), which will reduce the transverse heterogeneity of the initial billet
and increase its mechanical properties. However, until now no recommendations have been developed
on the use of these deformation methods to obtain the necessary parameters.

The comparative analysis of deformation conditions in the process of direct hot pressing, namely the
maximum force and temperature, shows that, as expected, preliminary deformation processing, which
acts as a homogenization, leads to improved deformation conditions. It was found that:

- the maximum pressing force is reduced by 50-70%, in comparison with the traditional molding
scheme from the cast billet;

- the maximum temperature of metal heating does not change significantly, which indicates the
insignificance of the influence of preliminary processing on the specified parameter. At all stages of
research, the maximum metal temperature does not reach critical values and is in the range Tmax =
380-430 ° C, which should lead to the maximum effect of hardening of the metal after deformation.
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PO3BUTOK KOMBIHOBAHNX METO/(IB ObPOBKH 3 BUKOPUCTAHHAM IHTEHCHMBHOI'O
[NIACTUYHOI'O JE®@OPMYBAHHA

Tapacos O. ., Anmyxoe O. B.

Posrnsnyra komOGiHOBaHA 00poOKa 3ar0TOBOK 13 3aCTOCYBaHHSM IPOIIECIB IHTEHCUBHOTO TIIACTHYHOTO
nedopmyBanss (IT1J]) criabHO 31 3BBUMAHUME METOIaMH 0OPOOKH THCKOM, IO JTI03BOJISIE€ POSIIUPUTH
HOMEHKJIATYpY OTPUMYBaHUX BUPOOIB 3 CyOMIKpOKpPUCTANIYHOT CTPYKTYpoto. Po3pobieHo HoBuUit
nporec II1/] 3aroToBoK 3a cXeMOI0 peBepCUBHOTO 3CyBY (P3), sikuii Moxke e(eKTUBHO
3aCTOCOBYBATHCS Ui KOMOiHOBaHOT 00poOKku. HaBeieHO pe3ybTaTi MOICIIOBAHHS ITPOIIECY
nedhopMyBaHHS 3aroToBOK 3 Mii M1 3a cxemoro P3 i3 3acTocyBaHHSM METOy CKIHUCHHUX €JIEMEHTIB.
BuzHaueHo 3a1eXHOCTI 3MiHU IHTEHCUBHOCTI Jehopmartiii Juist KOXKHOI omneparlii AeopMyBaHHS 1
paiioHalbHI MapaMeTpu IHCTPYMEHTY 1 3arOTOBKU. EKCIIEpUMEHT MiATBEpIUB aJIeKBaTHICTh MOJIEINI
OararoetarHOTO mporiecy aAehopMyBaHHs 3aroToBOK B npoteci orpumanas CMK cTpykrypu i
PE3yNIbTaTH TEOPSTUYHUX JOCIIIKEeHb 1) OPMOBAHOTO CTaHY 3arOTOBKHU B IpoIiieci 00poOKH i3
3actocyBaHHsM P3. BUBYeHO BIUTUB mapamMeTpiB KOMOIHOBaHOTO JeOpMyBaHHSI 3arOTOBOK 13
3acrocyBanHaM II1]] 1 BugaBIroBaHHS HA 3MiIHY MEXaHIYHHUX BJIACTUBOCTEH Marepiany. MilHICTh
MaTtepiany micis 3actocyBanHs I[1/] 36inbmmnacs B 1. 8 pasu npu 3HWKEHHI MIIACTHYHOCTI 110 8-14%.

DEVELOPMENT OF COMBINED METHODS OF PROCESSING WITH THE USE OF
INTENSIVE PLASTIC DEFORMATION

Tarasov O. F., Altuhov O. V.

We consider the combined treatment of workpieces with severe plastic deformation processes (SPD) in
conjunction with conventional methods of forming that allows you to expand the range of products
produced ultrafine-grained structure. A new SPD process workpieces reversible shift (RS) scheme, which
can be effectively used for the combined treatment. The results of the simulation of the deformation
process workpieces of copper M1 scheme RS using the finite element method. The dependence of the
intensity changes in the deformation for each operation deformation and rational parameters of the tool and
the workpiece. Experiment confirmed the adequacy of the multistage process model deformation blanks
during the production of UFG structure and theoretical studies in the deformed state of the workpiece
during processing using the RS. The influence of parameters of combined deformation of blanks using
SPD and squeezing on the mechanical properties of the material. The strength of the material after the
application of SPD increased 1. 8 times while reducing ductility to 8-14%.

YJIOCKOHAJIEHH S PEXXMMIB BOJIOUIHHS JIPOTY, TIPU3HAUYEHOI )11 HACTYITHOI
TEPMIYHOI OFPOBKM

Xapimonog B. O., Cmemnvosa H. FO., Ycanos M. IO.

[Tpy>xuHHUH OpiT, 3MILTHEHUH 3arapTyBaHHAM 3 HACTYITHUM BiAIYyCKOM, ITOBUHEH MaTH BHUCOKY
LUKJIYHY 1 pelakcaliifHy CTIMKICTb, MAaTH BUCOKY MEXY IMPY)KHOCTI, CTPYKTYPHY OJHOPIAHICTb 1
130TPOIHICTH BIACTUBOCTEN. JJOCATHEHHS HEOOX1THOIO KOMITJIEKCY (Pi3MKO-MEXaHIYHUX MapamMeTpiB
MPYXUHHOTO JPOTY 3aJI€KUTh HE TUIBKH B SIKOCTI MPOBEAEHHS OCTaTOYHOI TepM0o0oOpoOku. Bennke
3HAYEHHS Ma€ PeKUM MONepeaHbOI X0JI0IHOT MIaCTUYHOI 1ehopmMaliii — BOJIOUIHHS.

Ha npaktuii ckiiajaHHst MapIpyTiB BOJIOYIHHS BUPOOIISIETHCS, BUXOSUHU 3 IJIACTUYHOCTI METAIlYy,
TEXHIYHUX XapaKTEPUCTUK BOJOYMIIBHUX MAIllMH, F€OMETPii BOJIOK, @ TAKOXK 3 EKOHOMIYHHUX
MipkyBaHb. OJJHaK MpH IbOMY HE IPOBOJIUTHCS OIIHKA INIMOMHU MPOHUKHEHHS edopmallii B MeTai
I Yac BOJIOYIHHS.

VY naHiif po0OTi 3apornoHOBaHa METOIMKAa BUOOPY ONTUMAJIbHOTO MapUIpyTy BOJIOUIHHS JPOTY 3
BHUKOPHUCTAHHIM KOE(DIIIEHTa )KOPCTKOCTI 1 BU3HAYEHHS TTMOMHY MPOHUKHEHHS 1edopMaliii B mporieci
BOJIOUiHHS. Ha OCHOBI 3amponoHOBaHOr0 Croco0y 00paHuil MapIIpyT BOJIOUIHHS APOTY 1 T€OMETPIis
KaHaJly BOJIOYHMIIBHOTO IHCTPYMEHTY, IO 3a0€3MeUyI0Th CTBOPEHHS PIBHOMIPHOTO HANPY>KEHOTO CTaHy
B OocepeaKy aedopmarlii i OTpUMaHHS SIKICHOI APOTY, IPU3HAYEHOT [T MOJJANIBIIOTO rapTy 1 BIMYCKY.
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IMPROVEMENT MODES OF WIRE DRAWING FOR THE FOLLOWING THERMAL
PROCESSING

Haritonov V. A., Smetneva N. Yu., Usanov M. Yu.

Spring wire, hardened by quenching with following tempering, must have a high cyclic resistance and
relaxation resistance, a high elastic limit, structural homogeneity and isotropic properties. Achieving of
required complex physico-mechanical properties of spring wire doesn't depend only on the quality of
the final heat treatment. Great importance has a mode of preliminary cold plastic deformation by
drawing.

In practice, the preparation of wire drawing is performed based on the ductility of the metal, the
technical characteristics of wire drawing machines, geometry of the drawing die and also for economic
reasons. However, estimation the depth of deformation in the metal at drawing doesn't make.

This work proposes the method of a choice the rational wire drawing route using the stiffness ratio and
determination the depth of deformation in the drawing process. There was chosen the wire drawing
route and the geometry of drawing die used for the creation of homogenous stress conditions in the
deformation zone and receiving high-quality wire for subsequent quenching and tempering.

PO3PAXYHOK HAIIPYT' B CTAHMHAX KPUBOUINUITHUX ITPECIB BIZIKPUTOI'O TUILY B
YMOBAX ITO3ALIEHTPOBOI'O [TPUKJIAJJIEHHA CUJIN IITAMITYBAHHSA BIZIHOCHO BICI
I[TOB3VHA

Kyxapw B. B., Aniwyenxo O. C., [nazxo B. B.

Pobota nmpucBsyeHa 3aCTOCYBaHHIO METOAY LMIIHAPUYHUX Mepepi3iB Ul aHaAIi3y HAIIPYKEHO-
ne(OpMOBAHOTO CTaHy B CTiliKaX BIJKPUTUX CTAHWH KPUBOIMIMITHUX IpeciB. OcobmmBa yBara B poOoTi
NPUIUIAETHCS 0COOTUBOCTSM BHOOPY 1 TOOYZ0BU PO3PaXyHKOBUX CXEM MPHU EKCIEHTPUIHHUX
HaBaHTAXXCHHAX. Byln BUBE/IEH] 3aI€KHOCTI UTSl pO3paxXyHKY HANpPYKEeHb MPH BiIEHTPOBOMY
HABaHTa)XEHHI y KpalHixX Touykax ciabkoro nepetuny C-o0pa3Hoi CTaHUHU Ha MIPUKIaIl
kpuBowmnHoro npeca KJI 2322E. 3a niacymMkoM JOCTiKeHb 3p00JieH] BUCHOBKH 111010
3aCTOCOBHOCTI METO/IIB IUIOCKHX 1 IMIIHAPUYHUX Mepepi3iB Ul MPUKIAJIHUX PO3PaXyHKIB.

CALCULATION OF STRESSES IN THE STANDS OF CRANK PRESSES OF THE OPEN TYPE
IN THE CONDITIONS OF THE VNC-CENTER APPLICATION OF THE FORCING POWER
REGARDING THE AXIS OF THE SLEEP

Kukhar™ V. V., Anishchenko O. S., Hlazko V. V.

The chapter is devoted to application of the cylindrical cross-section methods for analysis of the stress-
strain state in the uprights of open frames of crank-presses. Special attention is paid to the peculiarities
of the selection and construction of numerical schemes with eccentric loads. Dependencies have been
derived for the calculation of stresses with eccentric loading at the extreme points of the weak section
of the C-shaped frame using the example of the crank-press KD 2322E. The conclusions, based on the
results of the research, were drawn about regarding applicability of the methods of planar and
cylindrical sections for applied calculations.

KYBAHHS BEJIMKMX 3JIMTKIB 3 BUKOPUCTAHHSIM OIIEPAIIIT OCAJIKU
IMTPO®LIILOBAHOI 3ATOTOBKU

Koankos A. I'., Camoensioos A. /1.

Ocanka € o/1HI€I0 3 HAWOUIBII NOIIMPEHUX Olepalliif KyBaHHS 3JIUTKIB. 3aCTOCOBYIOTh OCAJIKy SIK
omepairiro GOPMO3MIHEHHS, 1 K OMEPAIliio IS MiIBUINECHHS SIKOCTI 37MUTKA. [iIBHIIUTH AKICTH
MMOKOBKHM MOJKJIMBO 32 pPaXyHOK MPOoQ1TIOBaHHS 3ar0OTOBKH Tiepe 1 ocaakoro. [IpodimroBanHs
NPU3BOJMTH JI0 HAKIIAJAAHHS HA 3arOTOBKY J1e(hOpMaIliifHOTo 1o, sike B CyKYITHOCTI 3
negopMaifHUX TOoJIEeM IIPU OCalll JO3BOJISIE MIABUIUTH SKICTh KiHIIEBOrO BUpoOy. IcHye Ge3miu
crnoco0iB MpoQiIIOBaHHS 3aTOTOBKH, 5K 1 popm nepeTuHiB. OCHOBHA Maca JOCHIHKEHUX croco0iB
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npodTIOBaHHS NIEpe] 0CaKOI0 BUMarae 3aCTOCYBaHHs CIIELIATbHOTO IHCTpYMEHTY. [Hpopmalis o
npodimizamii i ocaui TpagUIiHHIM KOBAJbCHKUM IHCTPYMEHTOM MPAKTHYHO BiJICYTHS.

B po6oTi mpoBeaeHo nociiKeHHs MpoQiTIOBaHHS 3JIUTKA Ha IPSIMOKYTHUH, pOMOIYHUH 1 KBaJpaTHUN
MIEPETHH 1 HACTYITHA OCaJIKa IJIOCKUMHU TUTUTaMU. BCTaHOBIIEHO, 110 MoTiepeIHe PodiTIoBaHHS
3arOTOBKH IEpe]] 0CAIKOI0, JI03BOJISIE IMiIBUIIUTH PiBEHB JIe()OPMAIIITHOTO MPOIIPAIIOBAHHS 3JIUTKA.
BcranoBiieHo, 110 HalOUTBI PANiOHATBHOKO CXEMOIO TPO(DUTIOBAHHS 3arOTOBKH ITEPE OCAIKOIO
MOJKHA BBaXKaTH CXEMHU NPOQIIOBAHHS HAa KBaAPAaTHUH 1 pOMOOBUIHUI MTONIEpEUHU TIepepi3
IJIOCKMMH 1 BUPI3HUMH OOMKaMU BiJIOBIIHO.

FORGING OF HEAVY INGOTS BASED ON USAGE OF PRE-SHAPED WORKPIECES
Zhbankov Ya. G., Samohlyadov A. D.

Upsetting is a most widely used forging scheme. The main reasons of upsetting usage are the
increasing of metal treatment (increasing forging quality) and for shape forming. It is allow increasing
quality of billet due to pre-shaping of billet before the upsetting. Profiling leads to imposition of the
workpiece deformation field, which in conjunction with the deformation field of upsetting process can
improve the quality of the final product. There are many ways of pre-shaping the billets, as well as
cross-sectional shapes. Most of the pre-shaping methods are requires the usage of special tools.
Information of pre-shaping by traditional dies, virtually none.

In this paper was conducted a study of pre-shaping of the ingot into a rectangular, rhombus and square
section and subsequent upsetting by flat plates. Determined that pre-shaping of ingot before the
upsetting allows increase level of deformational treatment of forgings. Determined that more rational
schemes of forging ingots with the usage of pre-shaped billet is the schemes that based on formation
the billet with square and rhombic cross sections by the flat and V-shaped dies.

IIPAKTHUKO-OPIEHTOBAHI TEXHOJIOI'TI HABYAHHS TA MOXJIMBOCTI
IXBACTOCYBAHHA YV MDKJUCIHATIUIIHAPHUX ITPOEKTAX

®@eoopos C. C., Kysvmina O. M.

[Tpubau3Ho 3 70-X pOKIB MUHYJIOTO CTOJITTS Y BCbOMY CBITI pO301KHICTh MK 3HAHHAMHU H YMIHHSAMHU
BunyckHukiB BH3 1 BuMoramu ymoB poOOTH y IPOMHCIIOBOCTI, 1110 IIBUJKO 3MIHIOIOTHCS, CTAJIO HE
IIPOCTO MOMITHHUM, a IEPETBOPUIIOCS Ha TN100anbHy pobsieMy. [[ist BupimeHHs 1i€i npoOiemMu
3axizHumu BH3 cranu nmponoHyBaTuch HOBI IIJISIXM HABYAHHS CTY/ICHTIB, y TOMY YHCII 1 TEXHIYHUX
CrenialbHOCTEH, 3a JIOTIOMOI'0I0 TaK 3BaHUX MPAKTHUKO-OPI€EHTOBAHUX TexHojorii. CyyacHi yMOBU
poOoTu B YKpaiHi HalOJIETJIMBO BUMAralTh JOJATKOBUX 3yCHJIb JUIsl MIATOTOBKA MalOyTHIX
BUITYCKHUKIB 3 YpaXyBaHHSIM IEPEBaXHO KOMaHIHOI poOOTH, a TaKOX IX OpI€HTAII] Ha JOCSITHEHHS
KOMIUIEKCY OCBITHIX, IPAKTUYHUX, CYCIIUJIBHUX Ta IICUXOJIOTTYHUX BMiHb Ta HABUYOK.

MaiiOyTHi ¢axiBLli HOBUHHI YITKO PO3YMITH KIHLIEBY LiJIb Ta 11 MPAKTHUHY COPSIMOBAHICTh, BMITH
no0y/IyBaTH aJlTOPUTM JIOCSATHEHHS Pe3y/bTaTy BUXOSIUHU 3 OYIKYBaHb PEATbHOTO a00
noTeHIianbHOro KiieHta. Oco0nMMBOi yBaru noTpeOyroTh MUTaHHS PO3BUTKY HAaBUUOK CITUIKYBAaHHS Ta
TUCKYTYBaHHS, OOIPYHTYBAaHHS BUOOPY 110JI0 TEXHIYHUX PIlLIEHb, CTBOPEHHS MIPE3EHTAIlill p13HOTO
PIBHS Ta TOMOBiEH 3a TPOECiitHOI0 TEMATHUKOIO, SIK1 HEOOX1THI TPH MalOyTHIM poOOTI Ta y MIIIOMY
3HAXOJATHCS Ha IOCUTh HU3bKOMY piBHI. KoMmiiekcHa po3poOka 03Ha4eHUX MUTaHb MOXKe
MPOBOJUTHCH Y (POpMi MIKIUCHIUIUTIHAPHUX MTPOEKTIB, Y IKUX OEpYyTh y4acTh CTYAECHTH Pi3HUX
CreLialbHOCTEH, 1110 CTBOPIOIOTH OJHY KOMaH/Yy.

Ha xadenpi OMT HMetTAY 3anovarkoBaHo npoekT "'CTyAeHTChKa BITAIbHS , 1/1€ SKOTO MOJIATaE y
CTBOpEHHI1 y OJIHI{ 3 ayIUTOPIi CBOEPITHOTO CTYIEHTCHKOIO KOBOPKIHTY, JI€ CTYI€HTH MOKYTb
CHUIBHO MPaLlOBaTH, IEPENOYNBATH, OUIKYBAaTH KOHCYIbTallli. Peanizailisi mpoeKTy BUKOHYIOThCS
HIIIXOM pO3pOOKH JM3aifHy Ta TEXHOJIOT1l HAOBHEHHS "BiTalbHI" Y BUIIIAII MOJEN1 (CIIOYaTKy) 3
MO>KJIMBICTIO IOJAJIBIIIOTO BIPOBAKEHHS Pe3yNbTaTiB (BigAaieHa iib). [lapTHepoM mpoekTy crana
kadeapa npomucinoBoi TerioenepreTukd HMeTAY, cTyneHTH K01 B35 Ha cebe po3poOKy MUTaHb
eHepro3abe3neueHHs 00’ eKTY.
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THE PRACTICE-ORIENTED LEARNING TECHNOLOGIES AND POSSIBILITY OF THEIR
USING AT INTERDISCIPLINARY PROJECTS

Fedorov S. S., Kuzmina O. M.

Around the 70-ies the difference between knowledge and skills of graduates and requirements of
working conditions in the industry is rapidly changing in the whole world, it was not just noticeable,
but has become a global problem. To address this problem western universities offered new ways of
teaching students, including technical specialities, the so-called practice-oriented technologies. Modern
working conditions in Ukraine strongly require extra effort to prepare future graduates based mainly
on teamwork and their focus on achieving complex educational, practical, social and psychological
skills and abilities.

Future professionals should clearly understand the ultimate objective and its practical significance, and
should be able to build an algorithm of the achieving results based on expectations of real or potential
client. Particular attention should be paid to the development of communication and discussion skills,
justifying the choice of the technical solutions, creating presentations and reports of various
professional topics that are necessary for future work and in general are at a low level. Integrated
development of the mentioned issues can be done in the form of interdisciplinary projects, with
involving students of different specialities to one team.

The Metal Forming Department (NMetAU) launched the project "Students living room”, the idea of
which is to build kind of student co-working where students can work, have a rest, await the
consultation and so on. The project realization means the engineering of design and technology of
production of the "living room" content as a model (initially) with the possibility of implementing the
results (remote target). Partner of the project was the Department of Industrial Power (NMetAU), its
students took over the development of energy facility.

AHAJII3 OCOBJIMBOCTEN TEXHOJIOI'TI BUTOTOBJIEHHS METAJI-ITOJIIMEPHUX
KOMIIO3UTHUX MATEPIAJIIB LIVIAXOM 3’€ TAHHA ITPOKATKOIO

T'apaniy 1O. IO.

Jana po6oTa mpucBAYeHa IpoIeCy MPSIMOTo 3’ € JHAHHS MPOKATKOI0 METa-NIOJIMEPHUX KOMITO3UTIB
TUITY CEHJBIY.

Ha cboroaHimHii JeHb TPUIIAPOBI METAI—TI0IMEPHI KOMIIO3UTHI MaTepiajal MOXYTh CKJIacTH
CYTTEBY KOHKYPEHIII}0 MOHOMETAIIIYHUM MaTepianaM B MOOyTOBii, aBTOMOO1IbHIH, aBialiifHiii Ta
KOCMIYHil rayry3sx npoMucioBocTi. L{e moB’s13aHo 31 3HUKEHOIO MUTOMOIO Barolo MaTepialy 3a yMOBU
30epexeHHs BiJIOBITHUX HEOOX1THUX MEXaHIYHUX BJIIACTHBOCTEH, 30KpeMa: y1apHOi B’ SI3KOCTI,
BTOMHOI MILHOCTI. Taki KOMIO3UTH /10 TOTO K MalOTh BIACTUBICTH /10 100pOT0 MOTJIMHAHHS
BIOpaliifHUX Ta 3ByKOBUX XBHIIb.

Takosx BiJomi # 1HIII cCIOCOOM BUTOTOBJIEHHS TAKMX KOMIIO3UTHUX MaTepialiB sIK: eKCTPY3is,
OaraToiapoBe JUTTA a0 JAUTT miJ THCKOM. [IpoTe cepen ycix croco0iB BUTOTOBICHHS TPUIIAPOBUX
MeTaJI-NIOJIIMEPHUX KOMIO3UTHUX MaTepiaiiB TUITy CEHJIBIU 3’ €IHAHHS MTPOKATKOIO € HAalOUIbIIT
ONTUMAIBHUM, 3 TOUKH 30pY TEXHOJOTIYHOTO 3a0e3MnedeHHs Ta € OiabI nemeBuM. Kommo3uTHi
MaTepiajy MOAIOHOTO THUITY € MEPCIEKTUBHUMU JIJIsl 3aCTOCYBAHHS Y BIOBIAHUX Taly3sX
MIPOMHUCIIOBOCTI YKpaiHu, TOMY BOKJIMBHUM € TTOTJINOJIEHE BUBUCHHS (PAKTOPIB, 1110 BILTUBAIOTH HA
(dbopMyBaHHS MOJOCH, Ta CUITY aAre3ii MiX IIapaMu KOMIIO3HTY.

B Oyap sskoMy BUTIaIKy TIpoIieC 3’ €THaHHS MPOKATKOIO € JIOBOJII CKJIQJHUM B Pe3yJbTaTl Pi3HOCTI
MEXaHIYHUX 1 a/IF€31MHNX BIACTUBOCTEN CKIIAIOBUX YaCTUH KOMITO3UTHOTO MaTepiaiy.
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ANALISYS OF TECHNOLGY PECULIARITIES OF METAL-POLYMER COMPOSITE
MATERIALS MANUFACTURING VIA ROLL BONDING

Garanich Yu. Yu.

This work is dedicated to the process of direct roll bonding of metal-polymer sandwich composites.
Today the three-layer metal-polymer composite materials can make a significant competition to
monometallic materials in household, automotive, aviation and aerospace industries. This is due to
reduced specific weight while saving the appropriate and necessary mechanical properties, including:
toughness, fatigue strength. Such composites also have the property of good vibration and sound
waves absorption.

There are other ways of making that composite materials, including such methods as heat extrusion,
injection molding or injection overmolding, but among all methods of three-layer metal-polymer
composite materials manufacturing roll bonding is the best from point of view of technological
maintenance and it is cheaper then considered above techniques. Composite materials of this type are
promising for use in their respective industries Ukraine, thus it is important study deeply of the factors
that have an impact on the strips formation of stripes, and adhesion strength between the layers of
composite.

In any case, the roll bonding process is quite challenging due to the difference of mechanical and
adhesive properties of the components that the sandwich composite is consisted of.

BUKOPUCTAHHSI METOJY OLIHKM I103I0BXHbOI KPMBU3HW I[TOKOBKMU J1JI51 YMOB
TOB "JHITPOIIPEC CTAJIB"

Knemewos €. C., /lusa X., I punkesuu B. O.,Yyxne6 B. JI.

BuKpuBIIeHHS MOKOBKY I1J] 4aC KyBaHHS MPU3BOAUTH /10 3HUKEHHSI TOUHOCTI T€OMETPUYHUX PO3MIpiB
Ta SIKOCTI METay, 0 3yMOBIIOETHCS HEOOXIIHICTIO MOJANIBIIOTO MPABJICHHS HA CIENiaJbHOMY
obsagHaHH1 abo mpeci, siKke MPU3BOANUTH /10 HaBEJCHHA J0AaTKOBOI HEPIBHOMIPHOCTI Aedopmartii B
00’eMi MOKOBKH, a TAKOK CTBOPIOE JOJATKOBI 3rMHANIbHI HAPyry, HeOa)xaHi 111 TOTOBOTI'O BUPOOYy.
Taxkox, nmojanplie MpaBIeHHs HENPSAMOJiHIIHOT TOKOBKY MPU3BOANUTH J10 301IbIIEHHS €HEPreTUYHHUX
BUTpAT, a TAKOK BUTpAT MeTally Ipu (iHaIbHINA MeXaH14Hii 00pooui. ToMmy ais OCHIKEHHS BIUIUBY
napaMeTpiB ornepaiif KyBaHHS IpU KOBAJIbChKIN BUTSKIIl HA CTYIIHb BUKPUBIIEHHS MTOKOBKHU OYyB
po3po0IeHn METO/1 OIIHKK KPUBU3HHU TTOKOBKHU B MPOIieci 00poOKHU THCKOM. JlaHU# METOT T03BOJISIE
OLIIHUTH CTYIiHb BUKPUBJICHHS MOKOBKH BiJl 32CTOCOBAaHOI CXEMHU KaHTYBaHb, IKa MOKE€ 3MIHIOBAaTHCh
B 3aJIE)KHOCTI BiJ] TUTIOPO3MIPY ITOKOBKH.

Amnari3 1 olliHKa KPUBU3HH MTOKOBKH U1l YMOB KYBaHHS TUTAHOBUX ITOKOBOK B KyBaJIbHO-TEPMIYHOMY
uexy TOB "/Ininponpec Ctanp" nmokazanm, mo po3pobieHa METOANKa HAJa€ BUCOKY TOYHOCTD
pe3yibTaTiB 1 NpUAaTHA JUIsl ONTUMI3ALIT Ipoliecy KyBaHHs. BU3HaueHHs ONTHMaNbHUX MTapaMeTpiB
CXEM KaHTyBaHb 3a0e31euye BUKIIOUEHHs HEOOX1AHOCTI 3aCTOCYBAaHHS IPaBJIE€HHS TOKOBKH, SIKE
CTBOPIOE HeOaxkaH1 3aJIMIIKOBI 3TMHAIBHI HANPYT'H, @ TAKOXK HABOJAUTH JI0JIaTKOBY HEPIBHOMIPHICTh
nedopmariii MeTary.

USING THE EVALUATION METHOD OF LONGITUDINAL CURVATURE OF FORGINGS FOR
CONDITIONS OF JSC "DNEPROPRESS STEEL"

Klemeshov Ye. S., Dyja H., Hrynkevych V. O.,Chukhleb V. L.

The curvature of forging leads to a reduction of the geometrical dimension and the quality of the metal
in connection with subsequent editing by special equipment or press, which leads to the additional
guidance of the uneven deformation in the volume of forged metal, and creates additional bending
stresses, which are undesirable for finished products. Also, the subsequent edit of non-linear forgings
leads to an increase in energy costs and loses of the metal at the final machining. Therefore, study of
the influence of forging operations parameters at the forging drawing process on the degree of
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curvature of the forgings is important, and, in accordance with the foregoing, a method has been
developed for the estimation of curvature of the forgings in the process of forming. This method
allows us to estimate the degree of curvature of the forging of applied scheme of cantings without
resorting to absolute values, which can vary depending on the size of the forging.

Analysis and evaluation of forgings curvature for forging conditions of titanium forgings in the
forging-thermal shop at JSC "Dnepropress Steel” showed that the developed method provides high
accuracy results and it is suitable for optimization of forgings production. The determination of
optimal parameters of schemes of cantings provides an exception to the need of usage of forgings
straightening operation, which creates unwanted residual bending stresses but also induces further
unevenness of deformation at the metal.

ONTUMIBALIIA PEXXMMIB KOBAJILCbKOI BUTSKKU U TTIJIBULLIEHHS
[IPSIMOJITHIMHOCTI ITOKOBOK BAJIIB 3 TUTAHOBOI'O CIIJIABY BT-6

Yyxni6 B. JI., [Qua X., ' punkesuu B. O., Knemewos €. C.

Y po0O0Ti BUKOHAHO JOCIIHKEHHS (DOPMO3MIHU ITOKOBKH 3 TUTAHOBOTO cIutaBy BT-6 npu kKoBalbChbKii
BUTSDKIII 32 PI3HUMH CX€MaMH KyBaHHsI B KOMOIHOBaHMX OOMKax IIJISXOM KOMII'FOTEPHOIO
MoJIeTr0BaHHs mporecy. OCHOBHOIO METOI0 poOOTH Oylia ONTHUMI3AIlis TEXHOJIOTIYHOTO MPOLIECy
KYBaHHS TOKOBOK 3 THTaHOBHX CILJIaBiB B YMOBaX KOBaJIbChbKO-TepMidHOTO 11exy TOB "JInimponpec
Cranp" ipy BUKOPUCTaHHI Pi3HUX PEKUMIB JAeGopMaltii IjIs MiIBUIIEHHS MPSAMOJIIHIHHOCTI TTOKOBOK 1
MOJJAJTBIIIOT MOXKIIMBOCTI aBTOMATH3aIlll pe:KUMIB 1e(hOpMyBaHHS 1 3HIKEHHSI HEOOX1THOCTI
MOJIaJbIIOT0 TpaBieHHs. {151 po3poOku pekoMeHIallii 111010 ONTUMI3allii TeXHOJOTil KyBaHHS
MOKOBOK 3 THTAHOBHX CIUIaBIB BUKOHAHO aHAJI3 OJIePKAHUX JITAaHHX 32 IOTIOMOTOI0 PO3POOIIEHOTO
aBTOpaMU METOJy BU3HAUCHHS BUKPUBIICHHS MTOKOBKHU, KU1 TO3BOJISI€ BUBHAYUTH ONTHUMAIIbHY CXEMY
KaHTOBOK 1 OI[IHUTH iX BIUITMB HA BUKPUBJICHHS IOKOBKU. Pe3ynbTaToM MOCITIKEHHS € OTPUMaHHS
3QJIEKHOCTI Koe(dilieHTa BUKPUBIICHHS BiJl BAKOPHCTAHHOI CX€MHU KYBaHHS IIUIIXOM aHAI3y MPUYUH
3MIIIEHHS [IEHTPAIBHOI OC1 TOKOBKH 1100 IEHTPY 30HH Jedopmartii B MibKOIMKOBOMY TTPOCTOPI, a
TaK0X po3poOKa peKOMEeHAIliH 11010 ONTUMI3allii TEXHOJIOTIYHOTO MPOIeCy KyBaHHS TOKOBOK 3
tuTaHoBuX cruiaBiB Ha TOB "JIninponpec Cranp".

OPTIMIZATION OF MODES OF FORGING DRAWING PROCESS FOR IMPROVING THE
STRAIGHTNESS OF SHAFT FORGINGS FROM TITANIUM ALLOY VT-6

Chukhleb V. L., Dyja H., Hrynkevych V. O., Klemeshov Ye. S.

In the article performed the study of forming process of the forgings from titanium alloy VT-6 during
the forging drawing process by various schemes of forging in combined dies by computer simulation
of the process. The main aim of this work was the optimization of technological process of forging of
forgings from titanium alloys in conditions of forging-thermal shop of open joint-stock company
"Dnepropress Steel", when using different modes of deformation to improve the straightness of
forgings and the possibility of automatization of modes of deformation and reduce the need for
subsequent edit operations. To develop recommendations for optimization of forging technology of
forgings from titanium alloys was made the analysis of the obtained data using the developed by
authors method of determining the curvature of forging, which allows to determine the optimal scheme
of cantings and assess their impact on the curvature of forgings. The result of this research are obtained
dependencies of the curvature coefficient of the used schemes of cantings by analyzing the causes of
displacement of the central axis of forging relative to the center of deformation zone between
deforming dies, as well as development of recommendations on optimization of technological process
of forging of forgings from titanium alloys at the open joint-stock company "Dnepropress Steel™.
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TEXHOJIOTTYHUI JINBAPHO-ITPOKATHHI KOMIUIEKC JJIS1 EKCIIEPUMEHTAJIbBHUX
JIOCJIIJDKEHB ITPOLIECY BAJIKOBOI PO3JIMBKU-TTPOKATKH ITAJIEPBOPHCHKOI'O
YHIBEPCUTETY

Tpuoin O. IO., Mirko Schaper, Ozuncoxuii 4. K.

Po3poGiieHo Ta BBEIeHO B €KCILTyaTalio J1ad0paTOPHUIN TEXHOJIOTTYHHI KOMIUIEKC BaJIKOBOT
PO3IUBKU-TIPOKATKH TOHKHX ITa0. KoMIieKke ckiiaiaeTbes 3 MalIiHu Oe3repepBHOi BaIKOBOT
PO3JIMBKH-TIPOKATKU Ta OAHOKJIITHOBOTO MPOKATHOTO cTaHy Ayo. KOHCTpyKIis Ta iIHCTPYMEHT KJIITi
BaJIKOBOT PO3JIMBKH-IIPOKATKH JI03BOJISIE€ BApPIIOBATH KYT HAXWITY KIIITI Ta BiJIIOBIHY OPi€EHTIPOBKY
omnepaniifHoi mromuan y aiana3oni 0°...90°. KoHcTpykiiis po60Ynx BaJIKiB, IO 0XOJIO0KYIOTHCS
BOJIOIO, TO3BOJISIE MIABHUIITH €(heKTUBHICTH BiIOOPY Teruia, 1o 3a0e3neuye BUCOKY MIBHIKICTh
KpucTaiizalii Mmetany. Poboua KJIiTh MPOKATHOTO CTaHy JIyO Ma€ 0€3CTaHMHHY KOHCTPYKIIIIO 3
KOMOIHOBaHMM T1IpOMEXaHIYHUM IONEePEeIHIM HaBaHTAKEHHAM. [[0 CKIIaly KOMIUIEKCY BXOIUTh
TaKOX JOMOMIXKHE YCTaTKyBaHHs: MOTAJIKa, PO30MOTYBau, MEXaHi3MH TPAHCIIOPTYBAaHHS Ta
yTpUMaHHs Tabu, 3aco0u 1t 00poOKH moBepxHi Ta iHmi. Komruieke o0nagnanuii 3acodamu
KOHTPOJIIO Ta PEECTPALlil TEXHOJIOTTYHHUX MapaMeTpPiB MPOIIECY.

TECHNOLOGICAL CASTING-ROLLING LINE FOR EXPERIMENTAL INVESTIGATION OF
THE TWIN-ROLL CASTING PROCESS AT THE PADERBORN UNIVERSITY

Grydin O. Yu., Mirko Schaper, Ohynskyy Y. K.

A laboratory technological line for the twin-roll casting of thin strips was developed and
commissioned. The line consists of a twin-roll caster and a sole two-high rolling stand. The
construction and tools of the twin-roll caster allows to change the stand’s tilt angle and the
corresponding operation plane orientation in a range from 0° to 90°. The assembled rolls construction,
which are water-cooled on the inside, provides an effective heat extraction, which allows a high-speed
metal solidification. The two-high rolling stand has a frameless construction with a combined hydro-
mechanical pre-stressing mechanism. The line includes also some auxiliary equipment such as a coiler,
a decoiler, tools for the strip transportation and guiding, equipment for surface treatments etc. The
machines are equipped with sensor systems for the controlling and the registering of the technological
process parameters.

PO3BUTOK ITPOLIECIB OF'€MHOI'O IIJIACTUYHOI'O TE®OPMYBAHHS HA OCHOBI
3ACTOCYBAHHS CXEM KOMBIHOBAHOI TEUII

Aniesa JI. 1.

VY MeTanoo6poO1li mMUpoKe NOUIMPEHH HaO0yBatoTh KOMOIHOBaHI 1 riOpHIHI METOIU 0OPOOKH,
3aCHOBaHI Ha MO€JHAHHI TPAJULIHHUX METO/1IB MEXAaHIYHOT'O BIUITMBY Ha 00pO0IIIOBaHy 3ar0TOBKY 3
MeToAaMu (i3UKO-XIMIYHOTO BIUTUBY. KOoMOIHOBaHI poliecH 3HaXOAATh BCE OUIBII HTUPOKE
MOIIKPEHHS 1 B 00poO01Li TUCKOM. YTIpaBIiHHS BIACTUBOCTSMH, MEPII 32 BCE MIIACTUYHOI TEUIEIO,
TEXHOJIOTTYHUMH (PaKTOPaMH, BUMAarae O1IbII CKIIaTHOTO CHJIOBOTO 1 KIHEMAaTUYHOTO BILTUBY Ha
3arotoBKy. KoMOiHyBaHHS TaKUMU BIUIMBaMH, T€UisIMH, crioco0amu 1eopMyBaHHS 3 aKTUBHUM
pEryJIIoBaHHAM Tedii MeTaly 3a IIISXOM 1 32 4aCOM B1JIKpUBA€E MIMPOKI MOKIMBOCTI B HAIPSAMKY
MIJBUIIEHHS SKOCTI IPOAYKIIIi Ta 3a0e3reduye OTpUMaHHs IeTalel paHille HeOCTYITHUX CKJIaTHUX
($opM B ONITUMABHOMY CUJIOBOMY PEXKHMI.

CTBOpEHHS JOJATKOBUX CHMJIOBUX BIUIMBIB LIUISIXOM HATATY, IPOTUTHUCKY, CIIPSIMOBAHUX CHII TEPTS,
HIANOpPY, 3aKpyYyBaHHS 1 T. 1. BUMArae, sik IpaBUjIo, MOBIJOMJICHHS J101aTKOBOT'0 PyXy YaCTHHAM
TEXHOJIOTIYHOT'O OCHAILICHHS.

KineMaTHYHMI1 BIJTMB MO’KE CIIPUSTH Pi3KOMY IOJIIIICHHIO OTPAIFOBAaHHS CTPYKTYPH
ne(OopMOBAHOIO METaly, BUPIBHIOBAHHIO HEPIBHOMIPHOCTI JeopMaliii, YCyHEHHIO 3aCTIMHHX 30H.
JI1st BUXiTHHUX 3aTOTOBOK 3 JIMTOIO CTPYKTYPOIO, IO BUKOPUCTOBYIOTHCS JJIsl OTPUMAaHHS KyBaHHSIM

XI MixkHapogHa HayKoBo-TexHiuyHa KoHdepeHLuisa "MnactnuHa gedopmauia mertanis"
Kaghedpa 0b6pobku memarnie muckom im. akad. O. I1. Yekmapsosa. HayioHanbHa memanypeiliHa akademis YKpaiHu
www.metal-forming.org
AHinpo 22-26 tpasHa 2017 poky
41


http://www.metal-forming.org/

MNporpama Ta Te3n aonosiaen / Program and abstracts of reports

MOKOBOK BiANOBIAaJILHOTO MPU3HAYEHHS TOLUIIHHO 320€3MeYNTH TIepeBakaHHs 3CYBHOT KOMIIOHEHTH
nedopmartii. st mporeciB XonogHoro AeopMyBaHHS 3 XapaKTePHUMH BUCOKMMHU TOBHUMY 1
NUTOMUMH HABAaHTAXXCHHSIMH OJIHI€I0 3 OCHOBHHX IIUJICH KIHEMAaTHYHOTO BIUTMBY € IIiIBHIICHHS
CTymeHs cBoOo M Teuii 1eopMoBaHOro MeTany. Taka KoMOIHOBaHA TeUisl, MPOTIKAE€ B ONTUMAILHOMY
CaMOPETyJTFOBAaHOMY CHIIOBOMY PEKUMI, CITPHSIE TIBULICHHIO CTIHKOCTI iIHCTPYMEHTY, PO3IIHPEHHIO
MOYJIMBOCTEH 32 paXyHOK YCKJIQAHEHHS (OPMH 1 MiABUIIICHHS TOYHOCTI JeTajei, 0 MTaMITyIOThCS B
OJIHIH 1 TiH )K€ MaTPHII.

B texHnouorii 06'eMHOr0 mramnyBaHHs e(peKTHBHO KOMOIHYBaHHSI B OJTHIN omepartii mpocTux
croco0iB BUAaBIIOBaHHS. [lompeHHs B OCTaHHI POKH CIIOCO0IB MONEPEYHOro (paaiaibHOTO 1
O1YHOT0) BHIABJIFOBAHHS, B IOMOBHEHHI JI0 TPAAMUIIIHHO BUKOPHUCTOBYBAHUX CITIOCO0AX MO3I0BKHBOTO
(IpsIMOTO 1 3BOPOTHOTO) BUIABIIOBAHHS MTPU3BEIIO JIO CTBOPEHHS CIOCO0iB neopMyBaHHs,
3aCHOBAHUX Ha IX MO€IHAHHI.

i komOiHamii 3akagany po3poOKHU CreNiadbHOTO OCHALICHHS, B SIKii HEJOCTATHHO HAIBHOCTI OJTHOTO
AKTHBHOTO Je(pOPMYIOUYOTO IHCTPYMEHTY-TTyaHCOHa. KpiM HBOT0 pyXJIMBICTh TOBUHHA OYTH 1y
JOJTATKOBUX YaCTHH SK 1e(hOpMyr0doro, Tak i (GOpMOTBOPHOTO iHCTpyMeHTy. Li mrammnu
BIJIPI3HAIOTHCS CKIIAJHICTIO KIHEMATHKH 1 BAMAratoTh aKTUBHOTO YIIPABIIHHS 1 MOXKYTh OyTH
pooOpa3oM CIIeIiaTi3oBaHOTO MPECOBOT0 YCTATKYBaHHS, 110 3a0e31euye SIKICHUN CTPUOOK Y
PO3BHUTKY KOBAJIbCHKO-ITPECOBOTO BUPOOHHUIITBA.

DEVELOPMENT OF VOLUME PLASTIC DEFORMATION PROCESS ON THE BASIS OF
COMBINED EXTRUSION SCHEME

Aliyeva L. I.

In the metal forming wide use of combined and hybrid methods based on a combination of traditional
methods of mechanical action on the workpiece with the methods of physical and chemical influence.
Combined processes are becoming more wide use in metal forming. Properties control, primarily
plastic flow, technological factors, requires a more complex power and kinematic effects on the
workpiece. The combination of these influences, trends, ways of deformation with the active metal
flow control in the path and time discover opportunities in the direction of improving product quality
and provides previously inaccessible parts of complex shapes in optimal force mode.

Making additional force effects by tension, counter-directed friction forces, buttress, twisting and etc.
require, as a rule, reports an additional movement parts tooling.

Kinematic effects may contribute to a dramatic improvement in study of deformed metal structure
align the uneven deformation, elimination of dead zones. For the original pieces with cast structure
used for forgings critical applications it is advisable to ensure the dominance of the shear strain
components. For the process of cold deformation with characteristic high specific loads and complete
one of the main objectives are to increase the kinematic effects in increasing the freedom degree of
expiration deformable metal. This combined current, flowing in the optimal mode self-adjusting force,
enhanced tool life, empowerment by complicating the shape and the precision of die forging into the
same matrix components.

The forging technology effectively combining in a single operation is simple ways to extrusion. The
spread in recent years, cross-ways (radial and lateral) extrusion, in addition to the conventional method
of the longitudinal (forward and reverse) extrusion led to the creation od, based on a combination
thereof.

These combinations required the development of special equipment, which is not enough to have one
of the active tool-deforming punches. In addition it should be mobility and additional parts such as
deforming and forming tool. These die forgings are complex kinematics and require active
management may be the prototype of specialized pressure equipment, providing a qualitative leap in
the development of forging and die production.

Xl International Scientific and Technical Conference "Plastic Deformation of Metals"
Metal Forming department. National Metallurgical Academy of Ukraine
www.metal-forming.org
Dnipro 22-26 May 2017
42



Mporpama Ta Te3n aonosianen / Program and abstracts of reports

JIOCJIJIDKEHHS ITPOLIECY TTPSIMOI'O TAPSIUOI'O IIPECYBAHHS BIMETAJIEBOI
AJIIOMIHIEBO-MATHIEBOI TPYBU

Ipsouyvkuii O. A., Kyzvmina O. M., Camconenxo A. A.

BbararomapoBi MeTaneBi KOMIO3HUTH, IO CKIAIAIOTHCS 3 IBOX a00 JEKIIBKOX MIapiB PI3HUX METAIiB
a0o cIU1aBiB, CTAHOBIIATH OCOOIMBHIA Ki1ac (PYHKI[IOHAIBHUX MaTepialliB 3 HIMPOKHM KOMILIEKCOM
eKCILTyaTallifHNIX 1 TEXHOJIOTIYHUX XapaKTePUCTUK. B OCHOBI iX MPaKTUYHOTO 3aCTOCYBAHHS JISKHUTh
MOXJIBICTh CTBOPEHHSI METAJICBIX KOMIIO3UTIB 3 Hamepe]] 3aJaHMH, YaCOM YHIKaJTIbHIMU
BJIACTHBOCTSIMH, @ TAKOK €EKOHOMHE BUKOPHCTAHHS rOCTPOACPIUTHHX i JOPOTHX MaTepialiB.

B cyyacHoMy MammHOOy/lyBaHHI Bce OUTBII 3HAYHY YACTKY 3aiiMaroTh OiMeTaseBi MeTalToBUpOOU Ha
OCHOBI CIUIaBIB AJTIOMIHIIO Ta IHIINX KOJIbOPOBUX METATIB Ta CIuiaBiB. [Ipu po3pobiii TeXHOIOTIYHMX
IpoIieciB BUPOOHHIITBA OiMETaliB METOIaMH TNIACTUYHOI AeopMartii 3alIMIatloThCsl HeJOCTAaTHBO
BHBYCHUMU HACTYITHI MUTAHHS, 1110 YCKJIAIHIOIOTH (& 1HO1, pOOJIATh HEMOKJIUBUM) OTPUMaHHS
OararorapoBux OiMeTaIeBUX BUPOOIB JIJIs MOTpeO MAIIMHOOYIYBaHHS: SKICTh 3’ €JHAHHS 11apiB,
oOMe)KeHHsI B TOBIIHHI 1IapiB, 3HAUEHHS MaKCUMAIbHOI AedopMallii 3a oHy omepallito, CKIaJHICTh
BUKOPHCTaHHS MaTepialliB 3 BEIMKOIO PI3HUIICIO B TEMIIEpaTypax IUIaCTUIHOI aedopmarii,
MOJKJIMBICTh KOHTPOJIBOBAHOI Aeopmartii KO>KHOTO IIapy i T. .

VY nonoBiai npeacTaBieH] pe3ynbTaTu JOCTIIKEHHS BIUIMBY apaMeTPiB MPOIECIB MPSIMOTo Irapsyoro
npecyBaHHs OiMeTaneBoi allfoMiHI€EBO-MarHi€Boi TpyOu Ha siKicTh BUpoOy. byno BukoHaHo
MO/ISJIFOBAHHS IPOLIECy MpecyBaHHA 3a gonoMororo nporpamu QFORM Ta nmpoaHanizoBaHO OTpUMaHi
TeMIeparypHi, 1edopMarliiiti, IBUIKICHI Ta EHEPTOCHUIIOBI TAPaMETPH MPOLIECY.

INVESTIGATION OF THE DIRECT HOT EXTRUSION OF THE BIMETALLIC ALUMINUM-
MAGNESIUM TUBES

Pryaditskiy O. 4., Kuzmina O. M., Samsonenko A. A.

Multilayer metallic composites, consisting of two or more layers of different metals or alloys are a
special class of functional materials with a wide range of service and technological characteristics. The
basis of their practical application is the ability to create metallic composites with predetermined
(sometimes, unique) features and economical use of critically short and expensive materials.

In modern engineering bimetal metal alloys based on aluminum and other nonferrous metals and alloys
occupy a increasingly significant share. Many questions make difficult (and sometimes impossible to
do) to obtain multilayer bimetallic products of high quality at the development of bimetal
manufacturing by plastic deformation; for example, quality of connection between layers, limitation in
the thickness of layers, the maximum strain in one operation, the complexity of using materials with a
large difference in temperature of the plastic deformation, opportunity for controlled deformation of
each layer and so on.

The report presents the results of investigation of the influence of direct hot extrusion parameters at the
bimetallic aluminum-magnesium tubes production to the quality of products. It was done the
simulation of the extrusion at the QFORM program and analyzed the temperature, deformation, speed
and energy-power parameters of process.

YIAOCKOHAJIEHHA TEXHOJIOI'TYHOI'O OCHAIIEHHA ITPOLIECIB HITAMIIOBKH ¥V
PO3'€EMHUX TA PYXJINBUX MATPULIAX

Anies I. C., Abxapi I1. b.

Jlns1 3a6e31ne4eHHss KOHKYPEHTOCTIPOMOKHOCT] MPOIYKIIii YKpaiHChKOTO MallIMHOOYlyBaHHS OTpiOHE
BJIOCKOHAJICHHS 3aroTiBEJILHOTO BUPOOHMIITBA, 110 HEPO3PUBHO TMOB'SA3aHO 3 PO3POOKOIO 1
BUKOPHUCTaHHSAM HOBHUX HAYKOEMHMX TEXHOJIOTTYHHX MPOLIECiB, OCHOBHA MepeBara siIkux — OTpUMaHHS
BHUCOKOSIKICHUX CKJIaTHOTIPO(LIbOBAHUX JieTallel IpU MIHIMyM1 BUTpPAT €Heprii, TPYJ0BHX 1
MaTepiallbHUX PeCypCiB.
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Howmenknarypa cydacHoro MamuHoOyTyBaHHS BKJIIOYA€E CKJIQAHONPOQIbOBaHI AeTati 3 OypTamu,
¢maHIsIMH, BiIpOCTKAMHU, PO3TAIIOBAHUMU il PI3HUMH KyTaMH JI0 OCi BUPOOiB. JlJisi BUTOTOBJICHHS
TaKHX JIeTaJeH B JaHUH Yac 3aCTOCOBYIOTHCS 0araTonepexiJHuX TEXHOJIOTIUHI IPOIIECH, 110
BKJIIOYAIOTh, SIK IIPABHUJIO, IPOCTI MPOLECH BUAABIIOBAHHS TaKi SIK: IPSIME 1 3BOPOTHE BUTHUCKYBaHHS,
Bucazaka i 1. 1. llltaMmnyBaHHS CKIaHUX €IEMEHTIB MPU I[bOMY BUKOHYETHCS TIOCIIOBHO, 4aCTO Ha
PI3HOMY yCTaTKyBaHHI 13 3aCTOCYBaHHSIM MPOMIKHHX OTEpaIliil, a CKJIaIHICTh POpMHU OIepKYBAaHUX
BUPOOIB 00MEKEHA MOMKIIMBOCTSIMU BUJTYYEHHS MIOKOBKH 3 MIOPOYKHUHHU LIJILHOT MATPHIII.
[MigBumeHHs eheKTHBHOCTI BUPOOHHUITBA CKIIaIHONPO(DITLOBAHUX AETANIEH JOCITAETHCS
3aCTOCYBaHHSAM IPOIIECIB TOYHOTO 00'€MHOTO MITAMITYBaHHS B PO3'€MHUX Ta PYXJIMBUX MATPUIISX, SKi
3a0e3MeuyoTh OTPUMAHHS IITaMITyBaHHSIM JIETaJel CKIIaJHO1 MPOCTOPOBOI (hopMH 3a paxyHOK
BUKOPHCTAHHS MaTPUILIb PO3HIMHOIO KOHCTPYKIIIi.

3a0e3neyeHHs] TOYHOCTI MOKOBOK MPH IITAMITyBaHHI B PO3'€MHHUX MATPULAX MOXJIUBO IIPU HAAIHHOMY
3aMHKaHHI HaMmiBMAaTpill, OCKUIBKH MPH MITAMITyBaHHI BUHUKAIOTh 3YCUIUISI PO3KPUTTS 3HAUHUX
BEJIMYHH, SKI IPAarHyTh "pO3CYHYTH'" HAIiBMATPIIH i MPUBECTH 10 HEKOHTPOIHOBAHOI 3MiHU PO3MIpIB.
Jnis HamiiiHOTO 3aMUKaHHS HAIliBMATPIll po3po0JIeHi 3aTUCKHI PUCTPOI (BY3JH) IPYKUHHOTO,
KJIMHOBOT'O, ITHEBMO-T1APaBIIYHOT0, 0allOHETHOTO BUKOHAHHSI, BiJl CKJIAJHOCT] HAIAIKU KX
CTaOUTBHICT MPOTIKAHHS TEXHOJIOTIYHOTO MPOIIECY.

PexomMeHnariii Ta METOIMKH PO3PAXYHKY 1 MPOEKTYBAHHSI IITAMIIIB 3 PO3'€MHUMH MaTPHUISIMH (1
3aTUCKHHX BY3JIB JI0 HUX) IPUCKOPUTH BUKOPUCTAHHS BUCOKOTO TIOTEHIlIATY pecypco30epiratoumx
TEXHOJIOTIYHUX MPOIIECiB TOYHOT'O 00'€MHOTO IITAMITyBaHHS.

IMPROVEMENT OF DIE TECHNOLOGY IN FORGING PROCESS WITH MULTIPLE RAM
AND MOVEMENT MATRIX

Aliev I. S., Abkhari P. B.

To ensure the competitiveness of Ukrainian products are necessary to improve engineering procuring
production, which is inextricably linked to the development and use of new high-end production
processes, the main advantage of them — obtain high-complex parts with a minimum expenditure of
energy, labor and material resources.

The range includes modern engineering complex details with bead, flanges, and branches, arranged at
different angles to the axis of the product. For the manufacture of such parts in the currently used
processes multi junction comprising usually simple extrusion processes such as forward and backward
extrusion, landing and etc. Forging complex elements at the same time carried out consistently, often
on different hardware using the intermediate operations, and the complexity of the form, the resulting
articles is limited to the ability to extract the forging of the oral solid matrix.

Improving the efficiency of the preforms production for complex profile parts are achieved by using
precision die forging extrusion processes with multiple ram and movement matrix, providing
obtainment of forging parts with complex spatial shapes by using multiple ram structure.

Ensuring the accuracy of precision forgings in extrusion with multiple ram possible with a reliable
locking half-matrix, because there are efforts in extrusion force of disclosure with significant
quantities, seeking to "push™ half-matrix and lead to uncontrolled changes in dimensions. For reliable
locking half-matrix developed clamping devices (nodes) of the spring, pneumatic, hydraulic, bayonet
performance, the complexity of the set-up of which the stability of the flow process.
Recommendations and methods of calculation and design of dies with multiple ram Recommendations
and methods of calculation and design of dies with multiple ram (and clamping units to them) will
accelerate the use of the high potential of resource-saving production processes precision forging.
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KEPYBAHHA HAITPYXXEHO-JE®OPMOBAHNM CTAHOM 3AT'OTOBKM HA OCHOBI
PEI'YJIIOBAHHA TEMIIEPATYPHOTI'O I1OJIA B ITPOLIECAX KOBKU BAJIIB

JKbankoe A. I

[Tpu BUTOTOBJICHHI BEIMKHX JIETaJICH TUITY BaJiB, B IKOCTI 3arOTOBKH 3aCTOCOBYIOTHCSI KOBAJILCBKI
3mUTKH. OCHOBHOKO KOBaJbCHKOI ONEPAIli€l0 ISl OTPUMAaHHS TAaKUX JieTajel Ta YyCYHEHHs TeeKTIB
JMTOT CTPYKTYPH 3JIUTKY € POTATYBaHHs. [lepell KyBaHHSM 3JIMBKU HArPiBalOTh JIJIS ITiIBUIIICHHS
TUTACTUYHOCTI 1 3HMDKEHHSI OTIOPY J1e()OpMYBaHHIO. Y pe3ysIbTaTi OXOJOPKEHHS B MPOIECi KyBaHHS
B1I0YBA€ETHCS OXOJIOKEHHS 3arOTOBKH Bij mepudepii 10 meHTpy, 1Mo TATHE 32 COO0K0 YTBOPEHHS
HEOAHOPITHOTO TEMIIEPATYPHOTO TIOJIA 3a 11 mepeTUHOM. Y AaHiil poOOoTi MpoaHaIi30BaHO PO3MOILT
nedopmariiii 3a 00’€MOM MTOKOBKH M1 Yac ii MPOTITyBaHHS 3 OJHOPIAHUM 1 HEOTHOP1THUM
TEMIIEpaTYpPHUMH IOJISIMH, & TAKOXK JIaHa OI[iHKA HAIIPY)>KEHOMY CTaHy ii 0cboBoi 30HU. HaBeneHo
pEeKOMEeH1allii, o T03BOJISIOTH OTPUMATH MIHIMAJIbLHY HEPIBHOMIPHICTH PO3MOALTY Aedopmarltiii 3a
00’€MOM TTOKOBKH, a TAKO)XK MAaKCUMAIILHO OINPaIlbOBaHY OChOBY 30HY 3arOTOBKH.

CONTROL OF THE STRESS-STRAIN STATE OF THE BILLET ON THE BASIC OF THE
TEMPERATURE FIELD CONTROL IN THE FORGING PROCESSES OF THE SHAFTS

Zhbankov Ya. G.

In the manufacture of large parts such as shafts, forging ingots are used as a workpieces. The main
forging operation to produce such parts and eliminate the defects of the cast structure of the worcpiece
is a broaching. Worcpiece is heated to improve the ductility and reduced resistance to deformation. As
a result of cooling during forging preform is cooled from the periphery to the center, which entails the
formation of a time-varying non-uniform temperature distribution over its cross section. In this work
the analyze the distribution of deformation in terms of forging during her broach with a uniform and
non-uniform temperature fields, as well as an assessment of its axial stress state area were done. The
recommendations that allows minimal uneven distribution of deformation in terms of forgings, as well
as the most-developed axial zone of the workpiece also were given.

OIPEJIEJIEHUE ITAPAMETPOB JEQ@OPMATOPA JIJIS1 IIOBBIIIEHIA
I[MPAMOJIMHEMHOCTH METAJIJIOKOP/JIA

bobapikin FO. JI., Mapmuvsnos I0O. B.

JUnist 3HMOKEHHS BIIXWIIEHD B1JT IPSMOJIIHITHOCT1 METaIOKOpAYy B Mpolecci HOro BUTPUMKH Ha
NpURMabHUX KOTYIIKaX BUKOPUCTOBYIOTHCS J10/1aTKOBI JleopMyrodi pUCTpoi (nedopmaropn), ki
BCTaHOBJIIOIOTHCS B KAHATHUX MALIMHAX ME€pe]l HAMOTOM METAJIOKOpAa Ha MPUIMaIbHY KOTYIIKY.
Haiinpocrimmii nepopMaTop CKIaaeTbes 3 OHOTO HAMPABIISAIOUOro POIMKa 1 AeopMyrodoro
poJMKa, KOTpUI Ha3UBaIOTh POJIMKOM 3BOPOTHBOI Aedopmartii. s epextrBHOI podoTu Aedopmartopa
HeOOX1HO BUBHAYMHUTH ONTUMAJIbHUI AlaMeTp 1e(OopMyrouoro pojinka, 3a0e3neuyrounii MiHiManbHe
BIJIXWJICHHS BiJ IPSMOJIIHIMHOCTI METaJIOKOpAA MICIs 3MOTKH.

Merta: BU3HAUUTH ONTUMAJIbHUI J1aMeTp POJIMKa 3BOPOTHBOI Aeopmallii 1 cxemy Horo 3ampaBKH JUIs
KaHATHUX MaIIVH.

B pe3ynbrati gociiikeHHs po3po0ieHa MEeToIMKa BU3HAYEHHS ONTUMAaJIbHOTO JllaMeTpa
ne(GopMyrodoro poiarkar BuzHaueHo, 1110 BUKOPUCTaHHS 1€(OPMYIOYOro pOJIUKa PEKOMEHTyEMOTO
JiameTpa 3HWXKYE BIIXUICHHS Bl npsMotiHiiHocTi Metanokopaa 2x0,3HT B cepennbomy Ha 30,6%.

DETERMINATION DEFORMER SETTINGS TO IMPROVE
THE STRAIGHTNESS OF STEEL CORD

Bobarikin Yu. L., Martyanov Yu. V.

Additional deforming device (deformers) are used to reduce deviations from the straightness of steel
cord during its exposure to the receiver coils are installed in the cable cars to the lapping of steel cord
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on the spool. The simplest warp consists of one guide roller and the deforming roller, which is called
reverse deformation roller. To be effective, the deformer is necessary to determine the optimum
diameter of the deforming rollers ensure minimal deviation from straightness of steel cord after the
stranding.

Obijective: To determine the optimal diameter of the roller deformation and reverse threading scheme
for cable cars.

As a result of research developed a method of determining the optimal diameter of the deforming
roller. It has been determined that the use of the recommended diameter of the deforming rollers
reduces the deviation from straightness of steel cord 2x0,30HT an average of 30. 6%.

PO3BHUTOK METOZY PO3PAXVHKY PAIIOHAJIBHOT'O PEXXUMY JIE®©OPMALIII ITPU
XOJIOAHIN ITUIBT'EPHIM ITPOKATIII KOTEJIbBHUX TPVE 3 YPAXYBAHHAM
HECUMETPUYHOCTI ®OPMO3MIHU METAJTY

bob6yx O. C., Dponos A. B.

Po6oTa npucBsiueHa TOCHIIKEHHIO XOJIO0IHOT MIBrepHOT MPOKATKH KOTEIBHUX TPYO 31 cTa01Ii30BaHUX
CTaJIell ayCTEHITHOTO KJIacy, a TAKOXK PO3BUTKY METOIY PO3PaXyHKY pexUMY aedopmariii 3
ypaxyBaHHSM IMONEPEYHOI HECUMETPUYHOCTI (POPMO3MIHU METAIY.

VY po0oTi TEOPETUYHO BU3HAUYEHO XaPaKTEPUCTUKU HANPYXKEHO-1e(HOPMOBAHOTO CTaHy METay 3
ypaxyBaHHSIM HECUMETPUYHOCTI y MONEPEYHOMY Mepepisi ocepeaxy aedopmallii mpu XoI0aHIN
ITBrepHill MPOKATII KOTEIBHUX TPYO 3 ayCTEHITHUX MapoK cTaineil. B pesynbrari
eKCIIEPUMEHTAJIbHUX Ta TEOPETUYHHUX JOCTIPKEHb OTPUMAHO 3B'SI3KH peXUMY Jteopmartii
HANPY>KCHOTO CTaHy B OCEpeKy AedopMariii 3 KIHIIEBUMH BIACTHBOCTSIMH TPYO B KiHIII
TEXHOJIOTIYHOTO KTy BUPOOHUIITBA. OTpUMaHO HOBI JIaH1 PO BIUIMB CIiBBIAHOUICHHS IedopmMariii
10 JiaMeTpPy 1 TOBIIMHI CTIHKM Ha HANPY>KEHHUI CTaH 1 BIACTUBOCTI TOTOBOI MpoayKiii. s
PO3paxyHKy pexxuMy nedopmallii 3anponoHOBaHO BUKOPUCTOBYBATH HOBUM MOKA3HUK, KU
BCTAHOBITIOE 3B'SI30K HANIPYKEHOTO CTaHy B OCepeaKy nedopmartii mpu X0oJ01HIM MHIbrepHOM
MPOKATIII 3 KIHIIEBUMH BIIACTUBOCTSIMH TPYO.

OTpuMaB po3BUTOK METOJ PO3PAXYHKY PEKUMY Neopmaliii Mpu BUPOOHUIITBI KOTEIBHUX TPYO 3
ayCTEHITHUX CTaJei.

DEVELOPMENT OF METHOD FOR CALCULATION OF DEFORMATION MODE AT COLD
PILGER ROLLING OF BOILER TUBES ACCOUNTING ASYMMETRY OF DEFORMATION
ZONE

Bobukh O. S., Frolov Ya. V.

The paper focuses on the research into cold pilger rolling of boiler tubes from stabilized austenitic
stainless steels and development of the method for calculation of the deformation mode with allowance
for metal deformation asymmetry.

The paper gives theoretical definition of characteristics of a stress-strain state of metal with allowance
for asymmetry of the deformation zone in the cross section during cold pilger rolling of austenitic
stainless steel boiler tubes. As a result of experimental and theoretical studies, connections between the
mode of deformation of the stress state in the deformation zone and the end-use properties of tubes at
the end of the manufacturing lead time were found. New data on the effect of the deformation to
diameter and wall thickness relation on the stress state and properties of the finished product were
obtained. To calculate the mode of deformation it was proposed to use a new factor that establishes
connection between the stress state in the deformation zone during cold pilger rolling and the end-use
properties of tubes.

The method for calculation of the deformation mode in the production of austenitic stainless steel
boiler tubes was developed.
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INVESTIGATION OF THE SIGN-VARIABLE LOW-CYCLIC BENDING DEFORMATION
INFLUENCE ON SHEET PROPERTIES OF MATERIALS WITH A HEXAGONAL CRYSTAL
LATTICE

D. Rodman, E. Demler, M. Rodman, G. Gerstein, A. A. Briukhanov, O. Grydin, C. Klose,
F. Niirnberger

The process of cyclic bending deformation was investigated on thin sheets made from magnesium
alloy AZ31 and a-titanium. These materials have a hexagonal crystal lattice with different c/a-axial
ratios, which influences significantly the sheet properties. The biggest influence on the yield strength
of both materials was already shown for small deformations. Additionally, the cyclic bending
contributes to the activation of prismatic sliding, which is accompanied, inter alia, by twinning and
twinning back-formation. The anisotropy change of sheets as a result of different bending cycles was
demonstrated in texture measurements. First of all, sheets made from AZ31 show the biggest
anisotropy change of mechanical properties with increasing bending cycle number. For sheets made
from a-titanium the anisotropy change is clearly less pronounced. The biggest property changes in
general take place after the first bending cycle. During the further procedure stabilization of the
properties occurs.

MODERNIZATION OF AN ELECTRIC-WELD PLANT FOR PERFORMING COMBINED ROLL
FORMING AND HEAT-TREATMENT PROCESSES

Remez O., Ashkelianets A., Hordych 1., Boiarkin V., Golovko O., Rodman D., Nirnberger F.

To increase productivity, heat-treatments applied directly in the technology line can be used. Based on
high possible welding rates of modern roll forming mills, an inductive heating can be efficiently
implemented in combination with a subsequent water-air spray cooling. Thus it is possible to
manufacture long thin-walled hollow profiles with tailored properties in the longitudinal direction for
post-machining procedures. Here, the layout of a uniform multiple-roll nondriven stand is suggested to
form complex profiles from a sized tube billet. To produce a square profile with dimensions 16x16
mm and a wall-thickness of 0. 5 mm made of the steel 22MnBS5, the billet perimeter, the power-force
parameters, the possibility of tube billet pushing through the nondriven stand due to the arisen force of
the sizing stands and the grooving of the rolls in the nondriven stand were calculated. The steel
22MnBS5 is widely used to manufacture high-reliable components in the automotive industry due to the
high-levelled mechanical properties. Technology parameters of the inductor heating are suggested. A
spray cooling system was designed with an adjustable position of nozzles that allows for a periodical
cooling in the longitudinal direction.

PROPERTIES OF CLINCHED STAINLESS STEEL SHEETS AS A RESULT OF THERMAL
LOADING

Jalanesh M., Golovko O., Gerstein G., Hiibsch C., Hiibner S., Yarcu S., Sezek .O, Behrens B.-A.,
Rodman D., Maier H. J.

Clinching is a quite modern method of sheet joining which is more and more applied in the automotive
industry. Owing to joining without rivet and through holes this process allows reducing joining time,
weight and costs. In the present study two types of clinching were investigated: round and rectangular
non cutting clinching systems. The influence of thermal loading on the mechanical properties and
structure of clinch joining of 1 mm thick sheets of ferritic and austenitic steel (1. 4509, 1. 4512 and 1.
4301) were investigated. Clinched samples and standard tensile test specimens were loaded 10 times to
temperatures of 400 °C, 750 °C or 900 °C for 10 minutes with a subsequent cooling to 50 °C for
approximately 3 minutes each time. The clinching joining was tested in shear and peeling tension tests.
It was observed that clinched samples after loading at 400 °C feature about twofold strength values
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compared to unloaded samples. It is remarkable that by the same thermal loading no significant
changing of the properties in the sheet material was observed. Loading at 750 °C and 900 °C resulted
in decreased strength values of the clinched samples compared to a thermal loading at 400 °C, though
the values of these characteristics were significantly higher (after 750 °C) or close (after 900 °C) to
that for unloaded samples. This effect was previously observed in some experimental investigations
and can be explained by a combination of carbide coarsening and recrystallization at high
temperatures. Thus, the behaviour of the considered clinching is suited for a usage at increased
temperatures.

HEAT-TREATMENT OF COATED STEEL SHEETS BEFORE AND AFTER A COLD ROLL
BONDING PROCESS

Hordych 1., Hoppe C., Niirnberger F., Grundmeier G., Schmidt H. C., Homberg W. , Rodman D.,
Rodman M.

The properties of the bond strength of steel sheets coated with zinc and tin in a cold roll bonding
process were investigated in the present study. The Zn- and Sn-coatings were considered as
intermediate layers between steel substrates. The intermediate layers were classified as active or
passive layers. Active intermediate layers directly take part in the joining process, while the main role
of passive layers is to protect substrates from oxidation. The zinc coating was considered as a passive
intermediate layer, while the tin coating was chosen as an active intermediate layer. The coated low-
carbon steel was cold roll bonded. The influence of a heat-treatment before as well as after the roll
bonding was studied. The Zn-coated steel was heat-treated at a temperature of 450 °C before the
bonding in order to purposefully form brittle Zn-Fe intermetallic compounds. The Sn-coated steel
bonds were heat treated in a temperature range from 150 °C to 300 °C after the roll bonding process
with the objective of a diffusion induced increase of the bond strength. The bonds were analyzed by
optical and scanning electron microscopy. The bond strength was determined by tensile shear tests. An
increasing bond strength was achieved for the Zn- as well as Sn-coated steels by implementation of
suited heat treatments.

HEAT TREATMENT OF STEEL-ALUMINIUM TAILORED FORMING-COMPONENTS
Herbst S., Niirnberger F.

Tailored blanks with locally varying sheet thicknesses and steel grades are a well-established example
of how to exceed certain barriers in light weight construction. The Collaborative Research Centre
(CRC) 1153 "Tailored Forming”, established at the Leibniz Universitdt Hannover, aims to research
suitable process chains to transfer the general concept to massive steel-aluminium hybrid components.
A specific feature of these process chains is that the dissimilar metals are joined before the forming
process which is contrary to existing products that are joined at or near the end of the process chain. To
adapt the mechanical properties of the joined and formed material compounds, heat treatment
strategies are developed. However, heat treatment of steel-aluminium-compounds is challenging. Since
the austenitization temperature of the steel is above the solidus temperature of the precipitation
hardening aluminium alloy used, a local heat treatment of functional surfaces of the steel section with
additional focus on protecting the aluminium section needs to be carried out. For achieving T6-state in
the aluminium section, the heat treatment route (solution annealing + artificial aging) has to be carried
out after joining and forming. This leads to several challenges since during solution annealing, the
growth of brittle intermetallic phases in the joining zone is promoted. The presentation will address the
approaches to deal with the aforementioned challenges and the resulting microstructural and
mechanical properties of the heat treated Tailored Forming-components.
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PROPERTIES OF AN INTELLIGENT HOT-WORKING TOOL STEEL WITH ALLOY ADAPTED
NITRIDING LAYERS

Golovko A. N., Puppa J., Paschke H., Niirnberger F., Rodman D, Maier H. J., Behrens B.-A.

Tools used for hot forging are exposed to severe process-related loads. Increasing the hardness of the
tool surface layer usually results in decreased wear. Due to cyclical contact with hot workpieces and
subsequent liquid cooling the hot forging tool can be the subject of a process inherent surface
rehardening. Preliminary studies revealed, that modifying the hot-working tool steel 1.2365 (DIN
32CrMoV12-28 / H10 ASTM) with manganese causes an increased surface rehardening due to the
decrease of the austenite start temperature Aclb. Tools made of this modified steel demonstrated
higher wear resistance when additionally combined with a surface nitriding treatment. In order to
evaluate the influence of nitriding type and parameters, samples for notch impact test were machined
out of experimentally modified casted and the standard steel 1.2365. Both steels contained
approximately 0.3 wt. -% C, 3 wt. -% Cr, 3 wt. -% Mo and 0. 8 wt. -% V. Additionally, the modified
steel contained 2 wt. -% Mn. The casted ingots were forged to rods with the ratio of 4. Experimental
samples were hardened from a temperature of 1000 °C with a subsequent annealing at temperatures of
570 °C and 560 °C, each lasting 3 hours. Nitriding was carried out by a plasma nitriding treatment
using different process parameters. Light microscopy revealed that the thickness of the nitride layer
varied from 75 um to 250 um. The micro hardness depth in the surface layer was examined. Notch
impact tests were carried out at temperatures of 300 °C, 500 °C and 700 °C. The influences of nitriding
type and testing temperature were determined for both samples of the standard and the modified steel
in longitudinal and cross direction to the billet axis. It was determined that at the temperatures of about
700 °C the impact energy is increased for the samples of the modified steel.

INFLUENCE OF HIGH-CURRENT-DENSITY IMPULSES ON THE PLASTICITY OF SINGLE
CRYSTAL NICKEL-BASED SUPER ALLOY CMSX-4

E. Demler, G. Gerstein, A. Dalinger, A. Epishin, H. J. Maier, F. Niirnberger

Due to the low formability of single crystal nickel-based materials, the single crystal components get
into their application form during casting. After casting, a multi-stage heat treatment is conducted, the
dendritic segregations are largely compensated and the y'-precipitation phase is stabilized. This gives
the component excellent creep properties at high temperatures. The material properties also depend
upon the chemical composition of y'-precipitation and y-matrix. During the creep, the homogeneous
microstructure changes and the alloying elements are distributed in the y/y'-phases. This results in a
change in the course of the flow curve. The plasticity of metallic materials can be increased due to the
electrical impulses. Using the example of single crystal nickel-based superalloy CMSX-4, current
advances in the development of methods for the formation of CMSX-4 by means of electric pulses
with high current densities are demonstrated. The heat-treated and creep-deformated specimens are
loaded in compression and are subjected to impulses of a high current density of over 1,000 A/mm?.
The test results show a significant decrease in the compressive stress after the current impulse
treatment.
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