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paBHom 0,7...0,8 paguyca pneranu, OTHOCUTENIbHAash BbICOTa Jaerane n3 AMroM
Bo3pocina jo h/d = 0,21, a neraneit 13 AMuAM — no h/d = 0,30. CooTBeTcTBYIOIIHE
pacuértabie 3HaueHus h/d coctasmstor 0,20 u 0,291.

BriBoabl. [lonyyeHHBIE 3aBUCUMOCTH IO3BOJIAIOT C JOCTATOYHOM CTEIICHBIO
TOYHOCTH ONPENEIIATh IPENEIBbHO JOIMYCTUMYIO BBICOTY JETajeld THUMNA JHUIL IPU
W3TOTOBJICHWHM UX CTAaTUYECKOM W JAUHAMUYECKOW THApo)OpMOBKOM Kak 0e3
JOTIOJIHUTEIIBHOTO CHIIOBOTO BO3JAEHUCTBUS HA 3arOTOBKY B IIPOLIECCE IITAMIIOBKH, TaK
M T[pu JIONOJHHUTEIBHOM CWIOBOM  Bo3aeiicTtBuu. Ilpu »3TomM  Hauboiee
1e71ecoo0pa3HbIM SBISETCS JIOMOJTHUTEIBLHOE HarpyxeHue nepudepuiHbIX dacTei
3arOTOBKH C IMOMOUIBIO NEPEMEHHOIO JABJIEHUS KUJIKOCTH, IPUMEHEHUEM HAKJIAI0K
U JIp., TO3BOJAIOLIEE HE TOJBKO YBEIWYUTHh NPEACIBHO JOIMYCTUMYIO BBICOTY
JeTaJEN, HO U YMEHBIIUTD UX Pa3HOTOJIIHHHOCTb.
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Y crarri  AOCHKEHI TEXHOJOTiYHI MOXJIMBOCTI  OIepallii JINCTOBOTO  INTaMITyBaHHS-
TUAPOPOPMOBKH PYXOMHUMH CEPENOBUIAMHU: OTPUMAaHI 3QJICKHOCTI, SIKi 3 JOCTaTHIM CTYIIEHEM TOYHOCTI
JIO3BOJIAIOTh BHU3HAYATH BHUCOTY JETaliell THIy IHWI[ TPH BUTOTOBJICHHI iX (OpMOBKOIO pigmHOIO ab0
CNMACTUYHOI cepeloBUIlleM. [IpakTHYHe BHUKOPHCTAHHS pE3YNbTaTiB POOOTH JO3BOJUTH ONTHMI3YBaTH
mporiec GOpPMO3MIHU JETaNIeH TAaKOTO THILY.

Kuio4oBi cjioBa: TexHOIOTIs, IMITaMITyBaHHS, JTUCT, PiMHA, €TACTHYHE CepenoBHINe, (OPMOBKA,
MOJKJIMBOCTI, 1eOpMyBaHHSL.

In this article explored the technological capabilities of sheet metal forming operations, hydroformed
mobile environments: the dependences that with a sufficient degree of accuracy possible to determine the
height of parts such as the bottoms of the manufacture of forming a liquid or elastic medium. The practical
use of work will optimize the process of forming part of this type.
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TEOPETUUYECKUI AHAJIU3 BJIUAHUA HATS)KEHUM HA
SHEPI'O3ATPATHI U YCTOHUUBOCTH IMMPOLIECCA ITPOKATKH

B cratbe mpoaHanM3MpOBAaHO BIUSHHWE PA3IMYHBIX 3HAUCHUH yIOENbHBIX HATSHKEHHH HA yCTOWYHMBOCTH
Ipoliecca MPOKaTK! U Ha S3HEPro3aTpartsl Ha MpUMepe Mpon3BoacTBa ucta 3x1400 MM, O CyIIECTBYIOIIEMY
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peXUMY 00KaTHii, Ha cTaHe ropsiuel mpokatku 1680 koMOnHAaTa «3amopoKCTanb». Y CTOMYMBOCTD IIpoLiecca
ompeersyiach C Y4eTOM NPOJONBHBIX CHJ IUIacTH4ecku aedopmupyeMmoro Meramna. llokazaHo, 4To €
yBEIMUEHHEM HATSHKEHHsI TIPOLIECC CTAHOBUTCS SHEPreTHYeCKH 0oJiee BBIMOAHBIM, HO MPH 3TOM CHIKAETCS
€ro ycToMumBOCTh. JIaHBI PEKOMEHIALIMHU IO PEKUMY HATSDKEHUH U1 YMCTOBOM Ipymmbl Kierel ctana 1680
npu npousBozcTse aucta 3x1400 mm.

KiroueBble cj10Ba: IpoI0IbHAST yCTOHYMBOCTD MpoLiecca MPOKaTKH, KOI((UIIMEHT TPEHHS, MOMEHT
MIPOKATKH, HaTsDKEHHE.

Beenenne. B pabortax [1-3] paspaboTaH HOBBIM TEOPETUUECKUN METOJI OLICHKH
MPOJOJBHON YCTOMYMBOCTHM MpoIecca MPOKATKU. Ero CyTh 3aKI04aeTcsi B TOM, 4TO
KOHTaKTHBIE BTATHMBAIOIIME CWJIbl 3aTPAYMBAIOTCS HE TOJBKO Ha MPEOIOJICHUE
KOHTAKTHBIX BBITAJIKUBAIOIIMX, HO M HA YpPaBHOBEUIMBAHUE MPOJOJBHBIX CHI,
KOTOpbIE BBI3BaHBI IUIACTHYECKON nedopmanueit Mmeramna. B pesynbrare uero
npeaesbHbIe YCIOBUS AedopMallud HACTYIAOT paHbIIEe, YeM YIroj HEHTpaJIbHOTO
CEUEHHMs, a, CJIEJOBATEIIbHO, U OMNEPEKEHUE MPUHUMAIOT HYJIEBBIC 3HAYEHUS, UTO
HKCIIEPUMEHTATBHO TOTBEPKACHO B [4-6].

Heab wucciaenoBanmsi. TeopeTUUECKU aHAIW3 BIMSHUS HATSOKCHUH Ha
YCTOMYHUBOCTh U OOIIIME IHEPro3aTpaThl B UMCTOBOW TpymIie KIETeH cTaHa ropsuei
npokatku 1680 koMOnHaTa «3aMOPOKCTATbY.

Marepuanasbl uccjaea0BaHUM. {151 TpOBENEHUS TEOPETUUECKUX UCCIIEIOBAHUMN
BOCITIOJIB3YEMCsI JJAaHHBIMHU O CYIIECTBYIOIIEM pexkuMe JieGopMaliiy Ha TaHHOM CTaHe
npu npokatke aucta 3x1400 mm u3 cranu 3kxn [7], mpuBeneHHbIe B Tadiuie 1.
OcHoBHble napameTpsl npouecca npokatku (fy, t, .., or 1 ap.) paccunTeBaIM 1O
M3BECTHBIM 3aBUCHUMOCTSM [8, 9].

Tabnuna 1. Pexxum 00kaTuii, CHJIOBbIE M KMHEMAaTHUYECKHE IMapaMeTpbl Mpolecca

npokatku Jucta 3x1400 MM B ynucTOBOM rpymiie kieteid crana 1680.
OmnbiTHAS
Knj\fm hy, mm €, % a,, pao | V, m/c nngI;I;ITi(I/I, ]\Zﬁa fy t, °C lny MMt
P,, MH
5 13,62 49,8 0,209 1,89 12,33 140 0,298 1012 63,88
6 8,33 38,8 0,131 3,08 10,75 142 0,234 1000 40,17
7 5,61 32,6 0,0944 4,6 12,57 302 0,185 996 30,5
8 4,28 23,3 0,066 6,03 10,67 344 0,171 970 22,1
9 3,37 21,3 0,055 7,66 9,53 369 0,173 925 18,8
10 3 11 0,035 8,6 4,55 271 0,18 900 12,3

Jlnst ynoOcTBa aHaIm3a BCe pacyeThl IPEICTaBICHbI B O€3pa3MepHOM BHIE.
VY 1enibHbIE HATSKEHUS 110 KJIETAM OTHOCUM K IPEJIeNy TEKy4eCTH MeTasia, T.€.:

Oy = Oy
oi = '
ﬂGGTil (1)
Oy = ———.
Bory

HccnenoBanuss npoBOAWIIM JJIi MUHUMAIBHBIX, MAaKCHUMaJIbHBIX W CPEIHHUX
0e3pa3MepHBIX HATSHKEHUH, KOTOPHIE BRIOMPAIMCH U3 PEKOMEHIYEMbIX 3HAaYeHUH [7].
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Wx BenumuuHbl npuBeneHbl B Tadnune 2. HarsokeHus, co3gaBaeMble MOTAJIKOW, BO
BCEX TPEX CIIydasix OCTaBaJUCh O€3 N3MEHEHUS.

JIns OLEHKM YCTOMYMBOCTH IIpOLEcCa MPOKATKA II0 KIETSIM CTaHa
WCIIOJIb30BAJIA BBIIIE YKAa3aHHBIA METOJ OLICHKH YCTOMYMBOCTH IpoLiecca MPOKATKH.
JI1s1 3TOro TEOPETUUYECKU PACCUMTHIBAIM PACIPENECICHUS KOHTAKTHBIX HAIPSKEHUM

Dx Ly
Son 1 G HMCHOIB3YS nudepenmaibioe ypaBaenne Kapmana. PaccumteiBamu
T T
q af  px . t
TOPM30HTAIBHbBIE HANpPsKeHUs — = 2 | (——xsm(p +—*cos <p) dp ¥ TEeKyILyio
or % Bor Bor

a
TOPU3OHTABHYIO CHIY Qy = f(p ;Tx
T

W3MCHCHUS HATSOKCHUHN II0 BBIIICIIPUBCACHHOMY PCKUMY oOxatuii. B kadectBe

dep B ouare nedopmManuu sl BCEX CIIy4aeB

MOJENH TPEHUS NMPUHUMAEeM KYJOHOBCKYIO 3aBHCUMOCTbH, 3afauy Kapmana pemiaem
meroaom Pynre-Kyrra.

Tabnuua 2. 3naueHus: 0e3pa3MepHbIX HATSXKEHUW npu nmpokaTtke aucta 3x1400 MM B

YUCTOBOM Irpyniie Kieteil ctaHa 1680.

Ne Yo il

KJIeTn min max min max 04 ey
5 - - 0,039 0,53 - 0,2845
6 0,039 0,53 0,034 0,363 0,2845 0,1985
7 0,034 0,363 0,03 0,256 0,1985 0,143
8 0,03 0,256 0,015 0,44 0,143 0,2275
9 0,015 0,44 0,015 0,246 0,2275 0,13
10 0,015 0,246 0,01 0,01 0,13 0,01
z 0,133 1,835 0,143 1,845 0,9835 0,9935

[To smropam u3MeHeHus @, ONpenersuId pe3yIbTUPYIONTYIO TIPOJIOTBHBIX CHII B
0e3pazmMepHoi hopme I KaXI0To CiIydasi, HCTIONb3Ysl CICAYIOMY0 GopMyy:

.01 .
Q,=— [Qide. 2)
a)’ 0
B pazmepnoii hopme 3Ty BEIMUYMHY MOYKHO paccUuTaTh 10 GopmyJie:

Q, =Q, fo,Rb.

Takke pacCUMTHIBAIIM MOMEHT IIPOKAaTKA B KaXIOW KIETH, HCXOAS U3
pacmnpeneneHus HalpsHKEHUN TpeHus, 1o hopmye:

M, =T, ~T,)R,

omc on

niau B 6e3pa3mMepHoit hopme:
rae (Tome—To,,) — Pa3HULIA TUIOIIAACH HANIPSKCHUI TPCHUSA B 30HaX OTCTABAHHMSI

M, =T, T, ) 3)

omc on R

HOM

U OTIEPEKEHUS, ONIPECIISIEMBIE U3 DITIOP;
R¢n: — CIUTIOIIEHHBIN padyC BajKa B KOKI0M KIIETH;
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R0 — HOMUHAIIBHBIN paguyc Balika B KaXJOW KJIE€TH, BBEIEH B (opMyiny
(3) n1s mostyyeHus 0e3pa3MEepPHOrO MOMEHTA.
* *
B Tabn. 3 mpuBeneHbI pE3yabTaThl PacyeTOB CHIIbI (g, W MOMEHTa Mp, 10
KIICTSIM.

Tabnuua 3. PesynbraThl pacdeTa Oe€3pa3sMEpPHBIX BEIUYMH CUI (J; M MOMEHTOB
My, npu npokatke aucta 3x1400 MM B 4ncTOBOM rpynne KieTei ctana 1680

V 1enbHbIE HATSKEHUS
Ne K1eTH *MI/IHI/IMaJII)HbIe* . Cpennue . i\/IaKchaﬂmee*
QCP M”P QCP M”P QCP M”P
8 0,01256 0,0589 0,01005 0,0454 0,00824 0,0305
6 0,00625 0,0237 0,0002 0,0234 0,00722 0,0225
7 0,00364 0,0123 0,00143 0,0125 -0,00113 0,0126
8 0,00253 0,0062 0,00128 0,0044 0,00048 0,0026
9 0,00234 0,0044 0,00103 0,0052 -0,00071 0,0059
10 0,00153 0,0017 0,00115 0,0028 0,00062 0,0039
p) 0,02885 0,1072 0,01514 0,0937 0,01472 0,078

Kak cnenyer w3 Tabmuipl, TpPH MUHUMAIbHBIX HATSHKCHUSX B ouare
nedopManMi BO BCEX KIJETSAX YHCTOBOM TPYMIBI CTaHA CPEAHSs TOPU3OHTAJIbHAS
cuia, ompenensiemas no Gopmyne (2), MOJTOKUTENbHAS, YTO CBHIETEIBCTBYET 00

yCTOMYMBOCTH mporiecca mpokarkw [1-3,10].
Dx Ly Ax

Bor" Bor’ 1 Bor’
i 7 KJIETH CTaHa ¢ MUHMMAJIbHBIMH Oe3pa3MepHbIMU HaTsDkeHusmu ((o = 0,034,
g = 0,03)/

[Ipy TpoKaTKe CO CPEIHUMH YIACIBHBIMU HATSHKEHHAMH CUla Qg TaKKe
MOJIOKUTEIbHA, HO SBISETCS MEHBIIEH MO BEIWYMHE, CIEI0BATENIbHO, MPOLECC
SBJISIETCS. MEHEE YCTOMYMBBIM.

B ciydae ke MakCHMajbHOI'O 3HAUCHHUSI HATSKEHUM — B 7 U 9 KIETAX cuia
Qcp YK€ OTpHUATENBHA B PE3YJbTaTE€ 3HAYMTEILHOIO 3aJHETO HATSIKEHHUS, T.€.
yCTOMYMBAs MPOKATKa B JAHHBIX KJIETAX HEBO3MOXKHA.

[Ipoananu3upyeM M3MEHEHHMs CYMMAapHOTO MOMeEHTa jAedopManuu B
3aBUCUMOCTH OT HATsSKEHUs Mojockl. Ha pucyHke 2 mnpuBeieHa 3aBUCUMOCTH
CYMMApHOM CpEIHEN pE3YAbTUPYIOIIEH TOPU3OHTAIBHOM CHUJIbBI U CYMMapHOIO
MOMEHTa JieopMaliiu OT a0CONFOTHOTO 3HAYCHHUSI CYMMApPHOTO HATSIKEHUS MOJIOCHI.

Kak BUIHO, ¢ yBEIIMUEHMEM 3TOrO HATSKEHHUS CYMMAapHBII MOMEHT MPOKATKHU
cHIKaeTcsa. M3 3Toro MOXHO clenarh BBIBOJI, YTO SHEPr€THYECKH BBIIOJHO BECTH
npoiiecc ¢ OOJIBIIMMU HATSHKEHUSIMU, OAHAKO, MIPU 3TOM YXYJIIAETCS] YCTOMYUBOCTD
TIPOLECCa IIPOKATKH, IOCKOJIBKY YMEHBINAETCS Qcp-

Jlns mpumepa Ha pucyHke | MpuBEIEHBI SMIOPHI U3MEHEHUS
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Px 28
por 3
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Puc. 1. — Teopetnueckue 3010pbl pacnpeienenus: a, 6 — KOHTAKTHBIX HalpshKeHUH,
6 — TOPU3OHTAJIbHBIX HANPSKEHUH; & — TEKYIUX KOHTAKTHBIX CHJI
1o JuinHe oyara fedopmanuu npu npokarke jucrta 3x1400 mm B 7 kietu ctana 1680
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[39]
(3]

Puc. 2. — 3aBucumoctb cyMMapHOU pe3yabTHPYIOLIEH TOpU30HTATBHON CUIIBI U CyMMapHOTO
MOMEHTa JiehopMaliii OT aOCOTIOTHOTO 3HAYEHUS] CYMMAapHOTO YAEIbHOTO HATSKEHUS MOJIOCHI

Pe3ynbTaThl HccieqoBaHus. TakuMm o0Opa3oM, OTMETHUM, YTO YBEIHYCHHUE
MEXKJICThEBbIX HATSHKCHUH Ha CTaHE JOJDKHO OBITh CTPOTO COTJIACOBAHO C
NPOJOIBHON YCTOWMYMBOCTBIO Mporecca Mpokatku. C 3TOW IeNbi0 pa3paOdoTaHBI
ONTUMANIbHBIC 3HAYCHUS YJENBbHBIX HATSHKEHUH 1O KJIETSM IMPH TPOKATKE JIUCTA
3x1400 MM Ha crane 1680 xomOMHaTa «3amoOpOXKCTANb». OTH HATSKEHUS
o0ecreynBal0T MUHUMAJIbHBIA 3aTpayMBaeMblii CyMMAapHBIH MOMEHT Jedopmaiuu
IpU YCTOMYMBOM Ipoiiecce. JlaHHble HATsKeHUsI ObLUTM BBHIOPAHBI MO MPUYHHE TOTO,
YTO TpU JalbHEHIIeM YBEJIMYEHHE WX 3HAYCHUH B HEKOTOPBIX KIETSIX YUCTOBOU
TpyNIbl  CTaHAa CpeAHsisi TOPU3OHTAJbHAs CHJIA CTAaHOBUTCS OTPHUIATEIHHOM.
[TpenyoxxeHHBIN peXUM HATsKEHUU npuBeaceH B Tabn. 4. Ha rpaduke (puc. 2) srtor
CiIy4ail moka3aH KBaJpaTHBIMU MapKepamu.

Tabmuma 4. [Ipepmaraembie pekUMBbI HATSHKCHHM JUTs TpokaTku jaucta 3x1400 MM Ha
ctane 1680 komOuHaTa «3aMmopoKCTATb»

TpeiaraeMoe Ge3pazMepHOE HATSUKEHHE * -
Ne knern % 0 Qe M,,
5 - 0,28 0,01009 0,0457
6 0,28 0,25 0,00018 0,0217
7 0,25 0,25 0,00063 0,0111
8 0,25 0,3 0,00054 0,0047
9 0,3 0,25 0,00049 0,0045
10 0,25 0,01 0,00069 0,004
)y 1,33 1,34 0,01262 0,0917

BeiBoabl. [Ipoananm3upoBaHa yCTOWYHMBOCTH IIPOLECCA MPOKATKU U
M3MEHEHHE CYMMapHOro MOMEHTa Jaepopmaluyd B YHCTOBBIX KiIeTAX cTaHa 1680
ropsueil TMPOKATKM KOMOMHATa «3amopoKCTalby IMPU Pa3HBIX HATSHKCHUSX.
HccnenoBannss MNpOBOAMIMCH C  HMCIOJBb30BAHMEM HOBOTO METOAA  OLEHKHU
YCTOMYMBOCTH MPOIIECCa MPOKATKH, KOTOPBIA OTIIMYAETCs, OT O0Jiee paHHEro, y4éToM
BHYTPEHHErO HANpPsHKEHHOTO COCTOAHMS MeTauia. [lokasaHo, 4Tro yBeIWYeHUE
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YACIbHBIX HATSKEHUM CHUKAET DHEPro3aTpaTsl HAa BEIEHHUE MPOLECCa, HO IIPU 3TOM
YXyALIAeTcd YCTOMUMBOCTh Jedopmanuu. Pa3paboTaHbl ONTUMAalbHBIE PEXUMBI
HaTsDKEHUW mnpu npokatke gucta 3x1400 MM, KOTOpbIE PEKOMEHIYIOTCA JJIs
pou3BoIcTBa Ha cTaHe 1680 komOnHATa «3anOpPOXKCTAIIBY.
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Teopernyeckuii aHAIM3 BJUSHUS HATSKEHWil HAa JHePro3arparbl M YCTOHYHMBOCTHL Mpolecca
npokatku // Makcumenko O. I, Jlo6oiiko . WM. // Bicuuk HTY «XIII». Cepia: HoBi pimieHHs B
cydacHux TexHonorisx — Xapkis: HTY «XIl». — 2013. — Ne 42 (1015). — C. 119-125. Bi6miorp.: 10 Ha3B.

VY craTTi mpoaHaTi30BaHUHN BIUIMB Pi3HUX 3HAYCHD MUTOMUX HATATIB HA CTIMKICTH TPOIECY MPOKATKU
1 Ha EHeproBUTPATH HA MPHKIAAI BUPOOHHUIITBA JHCTa3x1400 MM, O ICHYIOUOMY PEKHMY OOTHCHEHB, Ha
ctani rapsraoi mpokatku 1680 kombiHaTy «3amopokcTanby. CTIHKICTh Mpoliecy BU3HAYAIACH 3 BPaXyBaHHIM
MTO3/IOBXKHIX CHIJI METaITy, 0 TNIACTHYHO JeopmyeThes. [lokazano, mo 31 301IbIIEHHSM HATSTY IIPOIEC CTAE
€HEepPreTUYHO OUTBII BUTITHUM, IPOTE MPH I[bOMY 3HMXKYETHCS HOro CTilKicTh. JlaHi pexoMeHmalii mo a0
PEXHUMY HATATIB 711 YACTOBOI rpynu Kimiteit crana 1680 mpu BupoOHuIITBi incta 3x1400 MMm.

Kuro4oBi cjioBa: mo30BXKHS CTIHKICTh MPOIECY MPOKATKH, KOS(Illi€EHT TEPTS, MOMEHT MPOKATKH,
HATSIT.

In the article analyzes the effect of different values for specific tension on the stability of the rolling
process and the energy consumption for example, the production of sheet 3x1400 mm, under the existing
regime compresses, hot rolling mill plant in 1680 «Zaporizhstal». The stability of the process was
determined taking into account the longitudinal forces plastically deformable metal. It is shown that an
increase in process tension is energetically more favorable, but decreases its stability. The recommendations
on the treatment of tension for the finishing mill stands in 1680 in the production of sheet 3x1400 mm.

Keywords: longitudinal stability of the process of rolling, coefficient of friction, rolling moment, the
tension strip.
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