BbPABOTKA
ATEPUAJIOB

s][Ne2 (23)
#]12010




MUHHUCTEPCTBO ObPA30OBAHUWA U HAYKHW YKPAWMHBI

JNOHBACCKAA TOCYHAPCTBEHHAA MAILIMHOCTPOUTEJIbHAA
AKAJIEMUA

ObPALOTKA
MATEPHAJIOB
JNABJIEHUEM

CBbOPHUK HAYYHbLIX TPYJ10B

Ne 2 (23) — 2010

Kpamaropck



VIIK 621.7

OBPABOTKA
MATEPHAJIOB
JABJIEHUEM

COopHHK HAYYHBIX TPYAOB
Ne 2 (23) - 2010

OcHoBarenp

Jlorbacckast TOCy JapCTBCHHAS

MANIAHOCTPOUTCIbHAA aKaACMHUA

CBHIETEILCTBO

PO TOCYIAPCTBCHHYIO PETHCTPALIIO

cepust KB Ne 13770-2744P

OBPOBKA
MATEPIAJIIB
THCKOM

36ipHHK HAYKOBHX Npaub
Ne 2 (23) - 2010
3aCHOBHHK

Joubaceka aeprkaBHA
MaImuHOOY JiBHA aKaaeMist
CBizouTBo

PO ACPKABHY PEECTPALIFO
cepist KB No 13770-2744P

MATERIALS
WORKING BY
PRESSURE

Collection of science papers
Ne 2 (23) - 2010

Founder

Donbass State

Engineering Academy
Registration certificate

Ne 13770-2744P

dated 17.03.2008

ot 17.03.2008 Big 17.03.2008

Coopurik «OBPABOTKA MATEPHUAJIOB JJABJIEHUEM) BkmtoucH B [lepeucHp criciinambHbIX
Hayunerx w3gaHuidi BAK VYkpauwsel o onyOnMKOBaHHS PE3yIbTATOB  JUCCCPTALIMOHHBIX  pabor
(nocranossierne Ne 1-05/2 ot 27.05.09 r, Gromutererns BAK Yikpaunstr Ne 8, 2009).

PexoMeHoBaHO K TEUaTH YUCHBIM COBETOM JIOHOACCKOH roCyJapcTBCHHON MAIMHHOCTPOUTEIEHON
akagemun (ipotokoa Ne 7 ot 25.03.2010).

B cOopHuke pa3MeImeHbI CTAThH PA3IHYHBIX HAMPABICHHHA MPOLECCOB W MAammuH 00paboTku
MaTepHaNoB JABICHUEM, IIOATOTOBICHHBIE MPO(ECCOPCKO-NPENOAaBATEIECKIM COCTABOM, HAayYHBIMH
COTPYAHUKAMH, aCIHPAHTAMH, COUCKare/simu, creruamucramu. COOpHHK NPCAHA3ZHAYMCH IS HAyYHBIX
¥ MEDKCHEPHBIX PAOOTHUKOB, ACITUPAHTOB U CTYCHTOB.

VY 36ipHHEKY PO3MIIICHO CTATTI PI3HUX HANPSIMKIB MIPOICCIB 1 MAIUH 0OPOOKH MaTCpianiB THCKOM,
MATOTOBNICH]  MPO(ECOPCHKO-BUKIAMAIBKAM  CKIQJ0M, HAYKOBHMH CITIBPOOITHHKAMH, acCIipaHTaMH,
3pobyBauamy, (axiBIaMu. 30IpHHK MPHU3HAUCHUH IS HAYKOBHUX H IH)KCHCPHHX IPAIiBHHKIB, aCIipaHTIB
1 CTYICHTIB.

Different articles of various directions of processes and machines of materials forming, prepared by
the faculty, scientific employees, post-graduate students, competitors, experts are placed in this collection.
The collection is intended for scientific and engineering workers, post-graduate students and students.

Pepaxunonnasa xosterns: Ammes U. C., a-p texH. Hayk, mpod. (mpeaceareip peRakIHOHHOH
komnerun);, bedrenmssumvep A E., a-p Texu. mayk, mpod.; Jobpomocos 10. K., xkamx. TexH. Hayk, xoiI.,
(oTBeTCTBEHHBIN cekpeTaps); 3abmoukwuii B. K., 1-p TexH. Hayk, npod.; Kaccos B. /1., n-p TexH. HayK, mpod.;
Jlantes A. M., a-p TexH. Hayk, npod.; Mumenun A. A., n-p texH. Hayk, npod. ([Tomema); Moposz b. C., a-p
TexH. Hayk, mipod. (Poccus); Oropoarukos B. A. n-p texH. Hayk, mpod.; Poranos JI. JI., n-p TexH. Hayk,
mpod.; Pozenbepr O. A., a-p texH. Hayk, mpod.; Caronun A. B., n-p texH. Hayk, mpod.; Coxonor JI. H., ap
texH. Hayk, npod.; Cocenymkun E. H., a1-p Ttexu. Hayk, npod. (Poccus), Tapacos A. @., a-p TexH. HayK,
mpod.; Tutos B. A., a-p texH. Hayk, mpod.; Degopunos B. A., kaua. texH. Hayk, mpod.; Axosnes C. C., x-p
TeXH. HayK, mpod. (Poccus).

OtBercTBeHHbIil 3a Bbiny ck npog. Amues U. C.

O0paboTka MaTepHaJIOB JaBJieHHEeM ;| COOPHUK Hay4HbIX TPya0B. — Kpamatopck : JITMA, 2010. —
Ne 2 (23). - 290 c.

ISSN 2076-2151

Crarbu nNpopercH3NPOBAHBI WICHAMH PEIAKIIMOHHON KOJUICTHH.
Martepuansl HOMepa IeuaTalTCs Ha SI3bIKE OPHUTHHANA.
ISSN 2076-2151 © Jlonbacckasi rocyxapcTBEHHAsI
MAIIHHOCTPOHTEIbHAsI akagemusi, 2010
© Jlonbacbka geps;kaBHA MAILUIHHOOYAIBHA
akaaemisi, 2010
© Donbass State Engineering Academy, 2010



Qbpadbomrka mamepuaioe 0ae1eHuem Ne 2 (23), 2010 185

YK 621.771.23
Baiikos E. B.

METO/JA PACYETA TOJIIIAHBI TOJIOCHI B HEUTPAJIBHBIX CEYEHUAX
IIPU ACUMMETPUUYHOHU NPOKATKE

KOHBIOHKTYpHBIE M3MEHEHHsI Ha PBIHKE METAJUIONPOAYKIHMH BBI3BIBAIOT HEOOXOAMMOCTH
B TIOCTOSTHHOM COBEPIICHCTBOBAHUN TEXHOJIOTUH MPOU3BOCTBA, O0ECTICUNBAIOIIEH MOBBILIEHUE KOH-
KYPEHTOCTIOCOOHOCTH TOTOBOM MPOAYKLMY, T. €. YJIYUIICeHUH Ka4eCTBa MPU HE3HAYUTEIHLHOM Y BEJIH-
YeHUH (a Jydlie Jake CHUKEHHUH) 3aTpaT Ha MPOU3BOACTBO. JTO, B CBOK OY€pedb, MOATAIKUBAET
K CO3JJAHUIO HOBBIX M (WJIH) COBEPIIEHCTBOBAHUH YK€ CYIIECTBYIOLINX TEXHOJOTHUECKUX MPOLIECCOB
¥ IpueMoB [ 1], MO3BOJISIFOIUX TOBBICHTH KOHKY PEHTOCIIOCOOHOCTh TOTOBOM MPOY KLU,

OpHMM U3 TaKUX TIPUEMOB, KOTOPBIN MPUMEHSFOT JJIsl TOBBIIICHUST KAYeCTBA MPH MPOU3BOI-
CTBE JIMCTOB, MOJIOC U JICHT, SIBJISIETCSI aCUMMETPHYHAs MPOKATKa. ITO CBSI3aHO C TEM, YTO NPU He-
3HAYUTENIbHBIX 3aTpaTax Ha peajM3alUIo IpoLecca UCIIONB30BAHHE aCHMMETPUU TPHU MPOKAaTKe-
MO3BOJIAIET CHU3UTh CUJIy TIPOKATKHU [2] (U, Cien0BaTeNIbHO, YMEHBLIUTD PA3HOTOIIIUHHOCTD JIUCTO-
BOTO MpOKaTa), BO3EHCTBOBATh Kak Ha (JOPMY JTUCTOB M MOJOC [3], Tak ¥ Ha MEPOXOBATOCTh UX
MOBEPXHOCTH [4], a TakKe BIMATH HA TEKCTYPy AedopManuy INCTOBOro MaTepuana [S].

Ho npu HazHayeHMM pexuMa aCUMMETPHH Uil UCKJTFOUEHHsI TTOJIOMKH 000pyIOBaHUS MPO-
KaTHOI'O CTaHa HAaJ0 YYUTHIBATH TO, YTO MPU aCUMMETPUYHON IPOKATKE, MPH MPOYUX PABHBIX YC-
JIOBUSIX, KPYTAILIMHA MOMEHT, TlepejaBaeMblii LIMHHACIEM BEIyLIEero Bajika, OONblIe, YeM MpPH CHUM-
METPUYHOM.

Jlnsa pacdera CHJIOBBIX MapaMeTPOB MPOKATKH B BajJKaxX Pa3HOro AuaMerpa (MOMEHTOB Ha
BEAyLIEM W BEJOMOM BAJIKaX, CPEJHEr0 HOPMAJIBHOIO KOHTAKTHOTO HAMPSIKEHHsI) HCIIOJb3YeM
TEOpPETHUECKUE 3aBUCUMOCTH, NpeioxkeHHble B. I'. CununbiabM [6].

LH[ETIH 5-(6-1)

My=Ry-|1;-f,- —2kg- -——=—h|; 1
1 17| 4d fy Pep N S+1 I B S+1 ey
£0-6-1(Hy Y
My =Ry |2k 4| 22— | =0 | —1|-H, ~lyfypop s )
o-1 \Hy

(ija[(fo -g_—ll).ﬁ,HA *(50'51)-HB}+

o

kS (:1'5'|'1 HB HA

= A+Hp |2 —— | =B | —2|-|H -Hp-Hp-In—= |.5-

Pep L fy Bl s+t [h AT ’ @)

-0, 5G-),

o-1 i o+1

rae M| — MOMEHT NPOKAaTKH Ha BEAyIIEM Bajke, M) — MOMEHT NPOKATKU HAa BEIOMOM BaJl-
Ke, Dcp — CPEfHEe HOPMAIBHOE KOHTAKTHOE HANpSDKCHHE; R) — pajryc BeAyINero Bajka, Ry —
pamnyc Benomoro saska; 2-kg = (2kyo + 2k )/ 2~ cpennuii BhIHYKICHHBIH MPE/EN TeKyYeCTH JeH-
Tol, 2kgy =1,150,,) — BBIHYKIEHHBII Ipenesn TeKy4eCTH JICHTBbl 1O NMpoKaTtku, 2kg =115-0,, —
BBIHY KJICHHBIA NPEJEN TEKy4eCTH JIEHTHI IOCIE MPOKATKH, O, — HMPENEN TEKY4ECTH JIEHTBI 10

IIPOKATKH, Oy — OPEAC] TCKYy4YECTH JICHTBI MOCJEC INPOKATKH, HO — Ha4daJIbHas1 TOJIIIHWHA JICHTHI,
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h — xoHeuHas TOJIIIHMHA JICHTDI, HA — TOJIIIUHA JICHTBI B TOYKCE, COOTBGTCTBYI'OH.ICI\/'I TIOJIOKCHHIO
HeﬁTpaﬂbHOFO CCUCHHUA Ha BECAOMOM BAaJIKE, HB — TOJII[UHA JICHTBI B TOYKCE, COOTBeTCTBYIOHlefI

TOJIOXKEHHIO HEHTPAJIBHOrO CEYEeHHsl Ha BNy UM Ballke; /; — anuHa odara aedopmauu; fi, — KO-
5 UIIEHT TpeHus NpU yCTAaHOBUBILIEMCs rponecce; 0 =2-/;- fy /(H 0 —h) — k03¢ duLueHT, KO-

TOPbIi YYWUTHIBAET TEOMETPHYECKHE pasMepbl od4ara naedopMalid U BHEIIHEE TPEHHE,
So=1-1y/Hy-B-2kyy — xoapduunenT 3amnHero HATHKEHWS;, 1) —Cuia 3aJHEr0 HATSKEHHS,
B — mmpuna nentel, & =1-17/h-B -2k — xosddunueHT nepegHero HaTsDKEHUs, /] — cuna re-
PEIHEro HATSKEHMS.

HenocraTtkom naHHON METOMUKH SIBJIIETCST OONbIIasi TPYAOEMKOCTb TPU pacyeTe TOJIIHHbBI
MOJIOCHI B HEHTPAJIbHBIX CEUEHHSIX.

Ienbto HacTosIel pabOThI' sBJIsIETCS] pa3pabOTKa WHIKEHEPHOrO METOMA pacyeTa TONIIHHBI
TOJIOCHI B HEMTPAIIbHBIX CEYEHUSIX MIPU ACUMMETPHYHOI MPOKaTKeE.

Ouar nedopmaliyu npu MPOKaTKE B BajKaX PasHOro IuamMeTpa U YIPyroro CKaTHH BaJKOB
Y TIOJIOCHI paccMOTpuM 1o cxeme Xutdkoka-llemnkosa (puc. 1).

IIpu yuere ynpyroro c:kaTHsi BAJIKOB U MOJIOCHI B odare ae(opMaiiii BbIIESIIOT ABE 30HbI:
aKTHBHOH nepopmaunu /| (paccTosHUE OT JMHHUH, COSOUHSIOLICH LIEHTPbI BPALECHUS BAJKOB, 10

IJIOCKOCTH BXOAa METaJllla B BaJIKI/I) WU TaCCUBHOM 12 (paCCTOSIHI/IC OT JIMHHUH, COETUHSIIOIIEH 1IeH-

TPBI BPAIEHNs] BAJIKOB, JIO INIOCKOCTH BBIXO/Ia METAJJIA B BAJIKH)
JUnHy 30HBI aKTHBHON AedopMaiuu /| 11 yClIoBUs HEPaBEHCTBA JUAMETPOB BaJKOB MOX-

HO OIIPEACIIUTD IO 3aBUCUMOCTU!

112\/2'R1'Ah1+12 :\/2-R2-Ah2+12, (4)

rae Ahl, AR? - abcomoTHoe obskaTHe CO CTOPOHBI BEIyINEro U BEJOMOIO BaJKOB, COOT-
BETCTBEHHO.

AbcontoTHOE 00KaTHe CO CTOPOHBI BEAYLIEr0 U BEAOMOI'O BajKOB OMpEAESsieM 10 3aBUCH-
moctu ['onosuna-Cumca:

MIZLA}I’ AhzzL (5)
Rl +R2 Rl + R2
IloncraBuB ypaBHeHue (5) B ypaBHeHHE (4) moTydaeM:
2-R-Ry 2
L= |———=Ah+l5 . 6
VR R 2 (6)

JiniHy 30HBI maccuBHOH nedopmanmm /, IS YCIOBHS HEPaBEHCTBA JAUAMETPOB BAJIKOB
MOXHO TI0 3aBUCUMOCTH:

b=y2 Ry (A + A ) =2 Ry (A3 4 A3). (7)
rae All, A% — ynpyras nedopmamysi BEAyLIero W BEAOMOTO BAJKOB, COOTBETCTBEHHO;

AL , A22 — ynpyras nedopmanus mojocsl CO CTOPOHBI BEAYIIEro M BEIOMOIO BAaJIKOB, COOTBETCT-

BEHHO.
Hcnonw3ys 3apucumocty I 'onoBrHa-CuMca MOXKHO 3aMHCaTh:

Ry 2R oAl Ry . A2 R
:R 'Al, A]Z 'Al, Azz ‘Az, AZZ 'Az. (8)
1+R2 R1+R2 R1+R2 R1+R2

IToncrasnsiem ypaBHeHus (8) B ypaBHeHHE (7) MOTydaeM:

1
Aj

* PaGoTa BBITOJHEHA IO PYKOBOACTBOM JI-pa TexH. Hayk, mpod. [opemxa B. C.
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2.-R-R
Iy= [=—12 (A +A,). 9
2\/R1+R2(1 2) ©)

O,

2
A

|
N =
AN N IS B :
s
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4
|
02i
\|
02|

Puc. 1. Cxema ouara pgedopmanuy mpu NPOKaTKe B BaJKaX HEOIUHAKOBOIO IHAMETpa
U YIIPYTOM CXKATHH BAJIKOB U MOJIOCHI

B ypaBuenun (9) nmoxncrasisieM H3BECTHBIE M3 TEOPHH YIPYTrocTH 3HaueHust Ay, A, u cpen-
Hee HOpPMaJibHOE KOHTAKTHOE HAIpsDKEHHE COKMMAaeMbIX LIIMHAPOB. B pesynprare momydaem BbI-
paXkeHue I onpeneneHus /, npu NPOKATKe B BAJIKAX Pa3HOTO AHAMETPa:

(10)

2 2
2 Ry-Ry [ 1-pu; 1-p

R1+R2 7Z"Eg 7Z'En
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Kak BunHO U3 cxembl ouara aedopmariu (CM. puc. 1) TONIIMHBI IEHTbI B TOYKAaX, COOTBET-
CTBYIOLIMX TOJIOKEHUIO HEUTPaNbHBIX CEUEHUN HA BEAyIIEeM M BEIOMOM BaJKaxX, MOXHO Omperne-
JIUTH MO CIAEAYIOLIUM YPaBHEHUSAM:

Hp=H+AHL +AH}; (11)

H,=H+AH' +AHT, (12)

rae H - TOJIIMHA TIIOJIOChI Ha JIMHUH, COG):[I/IHSII-OH.[eI\/'I LCHTPbBI Bpall€HHsA BaJIKOB,
HB HA — TOJINIMHA ITIOJIOCHI B HeﬁTpaﬂbeIX CCUCHUAX Ha BEAYyLICM U BEAOMOM BaJikax, COOTBET-

CTBeHHO, AH }g, AH é — abCcomoTHOE 00KaTHE TOJIOCHI NTOC/IE HEHTPATBHOTO CEUEHHsI Ha BEAY1IEM

1 2
BAJIKE CO CTOPOHBI BEAYINEro W BEIOMOIO BAJIKOB, COOTBETCTBeHHO, AH 4, AH’ — abcomoTHOoe

o02KaTHe MOJIOChI IOCIIE HeﬁTpaﬂbHOFO CCUYCHHA Ha BCOAOMOM BaJIKE CO CTOPOHBI BEAYIICIO U BEAO-
MOr'0 BaJIKOB, COOTBECTCTBCHHO.
TO.]'IU.II/IHy MOJIOCHI HA JIMHUHU OCeH BaJIKOB OnpeacsieM 4epe3 AJIMHY 30HbBI MMacCUBHON Jie-

¢dopmanuu /5 :
12-!}2v + R, )

2R Ry

rae Ry,R, — ycnoBHble pamuychl 1eOPpMHPOBAHHON IyTrH 3aXBaTa BEAYILEro W BEIOMOrO

BaJIKOB, COOTBETCTBEHHO.
YcioBHbIN paguyc nehOpMUPOBAHHON OyTH 3axBaTa KaKAOrO M3 BAJIKOB OMNpEIENseM IO
dbopmyne JIx. X. Xurukoka (J. H. Hitchcock) [7]:

2
16'pcp'ld'(l_/ue)
w-E,-Ah '

Ri=R|1+ (14)

Hcnonesys 3aBucumMocTs [ onoBrHa-Cumca HaXOOUM abCONFOTHBIE 00XKATHS MOJIOCHI MOCIHIEe
HENUTpPaJIbHBIX CEYEHHUI CO CTOPOHBI BEAYLLETO U BEAOMOIO BAJIKOB.

HB:H+R1~(14cos7/1)- l+£,1 : (15)
Ry
. R
Hy=H+Ry-(1-cosyy) | 1+=2 . (16)
Ry

HeﬁTpaJIbeIfI YIOJl Ha Ka’KAOM U3 BAJIKOB, C YUETOM HCPABCHCTBA JUAMETPA BAJKOB, OIIpE-
ACIAEM IO yCJIOBUA PABHOBECHUS CUJT B OHAre ne(bopMauI/m:

. 1 Ry - Ah

siny) = - == 2 - —12+L ; 17
2R\ \R+R) £, T pepfyB

siny, = L. h- Sy ~h+—L (18)
2'R2 (Rl—FRz)'fy pcp'fy'B

[Ipu co3naHnK aCUMMETPUHN Pa3HHULICH CKOPOCTEH BpalueHus BaaKkoB ypaBHeHus (15) u (16)
OyIyT UMEIOT CIIeNYOIINH BU:
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HB:H+R(')-(1—00571)-(1+EJ; (19)
Vs
! V2

HA:H+R0-(l—cosy2)-[1+7j. (20)
1

IIpu oTCyTCTBHMH YNpyroro CIUTIOIIMBAHUS BAJIKOB M mosockl (popmyinsr (15), (16), (19)
u (20) mpumyT BHA:

HB:thRl-(l—cosyl)-[lnLﬁj; 21
Ry
)
HA:h+R2-(l—cosy/2)- l+? S (22)
1
N
Hp=h+R-(1-cosy)-| 1+ |; (23)
V2
I
HA:h+R-(1—cos7/2)- 1+7 : (24)
1
BbIBO/IbI

IIpensoxxeH MHKXEHEPHBI METOM pacdeTa TOJIIMHEI IOJIOCH B HEUTPANIbHBIX CEUCHUSIX IPU
ACHUMMETPHYHOHN XOJIOAHON npokaTke. IIpuMeHeHne NaHHOrO MeTOoAa MO3BOJUT YIIPOCTUTL PacueT
CPEIHEr0 KOHTAKTHOIO HOPMAJbHOIO JaBJICHHS W MOMEHTOB IPOKATKH HA BEAyLIEM U BEIOMOM
Basikax no meroauke B. I'. Cununbza.
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been carried out. The distribution features of stress-strain state in the rod during rolling were determined. Comparison
of findings of mathematical modeling and microstructure analysis data was performed. It was shown that thermo-
mechanical treatment by radial-shape rolling with reduction area Kz= 3 leads to formation of globular microstructure
with average a-phase grain size of 10 pm in the rod periphery and of 13 pm in the rod center. Under such conditions
a volume fraction of globular grains of 31 % was formed in the rod center and in the rod periphery of 95 %.

Lutsenko V. A. Properties and structure of wire rod made of low-carbon nickel molybdenum steel after
loss of strengt thermomechanical working // Materials working by pressure. — 2010. — Ne 2 (23).

The results of the researches of the mechanical properties and the thin structure of wire rod made of low-
carbon nickel molybdenum steel after loss of strengt thermomechanical treatment in the stream of high-speed wire mill
are presented. The possibility to realize the mechanism of dislocations displacement through the martensite and beinite
structure areas by superposition of deformation effect is shown. It is established, that the minor quantity of areas (up to
8-10 %) of beinite and martensite structure and the mechanism of dislocations displacement through these areas pro-
vide high plastic properties of rolled wire during displacement deformation form chonging.

Baykov E. V. Method of computation of strip thickness in neutral cross-sections in asymmetric rolling //
Materials working by pressure. — 2010, — Ne 2 (23).

The engineering method of calculation the of strip thickness in neutral cross-sections in asymmetric cold rolling is
offered. The centre of deformation in elastic compressing of rolls and the strip was considered using the Hitchcock-
Tselikov chart. The distribution of reduction between the driving and driven rolls was determined according to Golovin-
Sims’s dependence. The application of the given method will allow to simplify the calculation of the middle contact
normal pressure and the moments of rolling on the driving and driven rolls according to V. G. Sinitsyn's method.
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