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Annomauyusn

B paboTte paccMaTpuBaeTcst BOPOC O TIOCTPOCHUH TUIABHON KPUBOMW, COSMHSIONICH HaYaIo M KOHEI[ XOJIOCTOM 30HbI KaInuo-
pa 1npu 3aJaHHBIX HAYaJIbHBIX YCJIOBUAX. I'mnoreTnuecku COCIMHUTH YKa3aHHBIC TOYKU MOXXHO OECKOHEYHBIM YHCJIOM CIIO-
coboB. HanGonee npocThiMu Crioco0amMu OCTPOESHHSI TAKOW KPUBOIL SIBJISIOTCS BBIOOPBI AJIEMEHTAPHBIX (DYHKIIMH, IMEIOIINX
TOYKY Ieperrda Ha XOJIOCTOM YYacTKe. AKTYAJbHBIM SIBIIIETCS yIydllleHHe KMHEMAaTHKH JII000T0 CTaHKa 00pabOTKH Ka-
nbpa, KOTOpasi HAaHOOJIBINYI0 HATPY3KY KCHBITHIBACT MPU MPOXOXKICHUHM TOYKH Tepernda BeiOpanHon ¢yukimu. Lleabio
PaboThI SBISIETCSI MUHUMU3ALUS TIPOM3BO/IHOM BHIOpaHHOW (QyHKIMK B TOUKe ee npernda. Kpome Toro, Heo0X0AUMO MUHH-
MI3APOBaTh HanOOJIbIIIee 3HaUCHNE Takol (PyHKIWH TIpH IOAXO0Ze B TOYKE Hadaia pabodei 30HBI. B pabote mcrump3yercs
MaTeMaTH4ecKue MeTo/bl, B TOM YHJIe METOJ UTepaIiid, MPUMEHSEMBIA TIPH BBIYHUCIICHHUH MapaMeTPOB UCKOMOM KPHUBOM,
orupaercst Ha TeopeMy JIMTIIINIA O SMHCTBEHHOCTH PEIICHHs JaHHOH 3amadn. B kxauecTBe MCKOMOM KpHBOW BHIOpaHa KO-
cuHycoma. Bropoit kpuBo#, coeauHsroneli yKka3aHHbBIE TOUKH, SBISETCS KyOndeckas mapabona. PaccMarpuBaercst MakcH-
MaJIbHasA CKOPOCTb BO3pacTaHUA Ka)KIIOﬁ ¢)yHKHI/II/I Ha XOJIOCTOM Y4YaCTKE, A€ BO3HUKACT HanOOJIbIIIEE YCWJIUE TIPU ABHIKE-
HHUU paboyero Kynaka Ha craHke JI13-250, u Toukn MakcMMyma 00erX KPHBBIX Ha XOJOCTOW 30He. Pe3ynabraThl uccienoa-
HMS 1 YUCJIEHHBIE SKCIIEPUMEHTBI: BHIOOP CZeNIaH B TOJIb3y KyOMUECKOH Iapaboibl, IMEIoIIe MeHbIlee MaKCUMalIbHOE 3Ha-
YeHHe, YeM Y KOCHHYCOHIBI, I MEHbIIIee 3HaUeHNE MPOM3BOAHON (QyHKIMH B Touke repernda. Ilomo0HbIe Hcciie10BaHusI C
yKa3aHHEM KOHKPETHOH (YHKIIMM ¥ MUHUMU3ALMN YCUIIMH TIPU TIPOXOKJICHHN XOJIOCTOM 30HBI KaJIMOpa BO BPeMs M3TOTOB-
JIEHHS KaTHOPOB MPOBeIeHbI BIiepBble. YKa3aHHbIN METOA pacdeTa MpoQuiis X0JI0CTOH 30HbI, PACUINTAHHBIH COCANHECHUEM
TOUYEK KOHIIa pabouei 30HBI M € Havasla B BUJIC MapaboIIbl ¢ COOTBETCTBYIOIINMYI HAYaIbHBIMH YCIOBHSAMH, YCIICIITHO MPH-
MEHEH TP M3TOTOBJICHNH KamnOpoB Ha craHke JI3-250 KpacHosipckoro MeTaumypriudeckoro 3aBoaa. [lpakTudeckasi 3Ha-
YHIMOCTB Pa0OTHI 3aKIIF0YaeTCs B O0Jiee TOJITOBEYHOM IKCILTYaTal[uy JOPOTOCTOSIIEro 000pyIOBaHMs, B YaCTHOCTH HITH(O-
BasTbHOTO cTaHKa JI3-250.

Kniouesvie crnosa: tpyba, XxomoaHas mpokaTka TpyO, XOIOoCTas 30Ha Kanubpa, KOCHHycouja, mapaboina, pacuer,
cranok JI3-250.

IIMMCST OKPYXKHOCTSIM HEOJJHO3HAUHbI H paccMaTpu-
BAIOTCS MPENOJIOKUTEIbHO. B pabdore [2] aBTopsl,
MPE/INOJI0KUB B KauecTBe (DYHKIIUH, OMUCHIBAIOIICH
XOJIOCTYIO 30HY KanuOpa, KOCHMHYCOMIY, HEeIOCTa-
TOYHO MTPOAHATU3UPOBAIIH MPEIOKECHHYIO KPUBYIO.

BBenenue

W3 W3BECTHBIX TEXHOJIOTUH TOJy4YeHHs Oec-
IIIOBHBIX TPYO M3 aTIOMHHHEBHIX CIIJIaBOB HanOoJree
MEPCIICKTUBHOW SIBISICTCSl TEXHOJIOTHSI TIPOU3BOJI-
CTBa XOJOJTHOJEHOPMHUPYEMBIX TPyO Ha MHIUTPH-
MOBBIX CTaHaX METOJOM XOJOJHOW MpOoKaTku. B
KadyecTBe pabouyero MHCTPYMEHTA MPUMEHSIOT Ka-

Teopnﬂ, MaTepuaJbl U METOABI HCCJIECA0OBAHUSA,
TEXHUYECKHE U TEXHOJIOTHYEeCKUue pa3p360TKn

JTUOpPOBaHHBIE OJHOPYYbEBbIC BaJKU (KaIUOpBI),
BpAaLIAOIINecs B CTOPOHY, MPOTHUBOIOJIOXKHYIO TMO-
Jade B HUX TpyOHOU 3arotoBku. lIpokatka TpyOBI
BeNETCA Ha KPYIJIOM KOHYCHOM JopHe (ompaBke),
KOTOPBIN CIyKUT BHYTPEHHEH >XECTKON OIMOPO.
OCHOBHBIMH TIapaMeTpaMy pabouero MHCTPYMEHTA
SIBISIFOTCSL paboyasi ¥ XOJocTasi 30HbI BaymkoB. [Ipu
pacuére nmapaMeTpoB pabouero HHCTPYMEHTa OJHOM
M3 OCHOBHBIX 3aJlay SABJISIETCS PACUET XOJIOCTOM 30-
HBl Kanubpa. Drta 3ajada paccmarpuBanack B [1],
OJTHAKO TIOCTPOCHUS XOJIOCTOW 30HBI MO COMPSTAI0-
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[Tycts D, d — HapyKHbIE THaMETpPbI 3aTOTOBKU K
rOTOBOI TPYObI COOTBETCTBEHHO, K — KOHYCHOCTb
peaylrpoBaHus 1Mo AUaMeTpy Ha ydactke AB, pas-
Hast ko3 durmenty Hakinona orpeska OO, | — -
Ha XOJIOCTOW 30HBI. 3aja4a COCTOMT B MOCTPOCHUH
KPHUBOH, TUTABHO COCAMHSIIONICH KOHeN paboumii 30-
uel (Touky JI;) v Hauajo pabodeii 30HBI (TOUKY Aj).
Toukn [I; u A; wumetor koopamnatsel /[I;(0;d),
Ay(I;D). 3Hadenue mpou3BOAHON (QYHKIINH, OMKCHI-
BAlOICH HCKOMYIO KPHBYIO, B TOYKE A; JOJIKHO
OBITh PABHO 3HAUYCHUIO KOHYCHOCTH PEeIyIHPOBAHHS
k, a B Touke [I; — paBHO# HyJ10 (pHC. 1).
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Puc. 1. Cxema nonHo# pa3BEpTKHU KanuOpa
B IPSIMOYT'OJILHOM CUCTEME KOOPAMHAT:
AbB-30Ha peayuposanus; bB-30Ha 00xkuma;
BI'-30Ha kanuOpoBku mo crenke; I'I-kanuOpyromas
30Ha; AJl-pabouas 30Ha; JIA-xonocTast 30Ha

B kauecTBe HCKOMOM (DYHKIIMH PACCMOTPUM KO-
CHHYCOHUTY

y(x)=-a-cos(bx)+a+d 1)

¢ HeompenaenéHHbIMU Ko dunuenTamu  a >0,

b > 0. CornacHo Ha4aIBHBIM YCIOBUSAM
y(0)=d, y(I)=D,

TOrza
—a-cos(bl)+a+d =D.
Haxomaum npousBoaHyo GyHKINH
y'(x) =ab-sin(bx),

COIJIACHO YCJIOBHIO 3aJau
y(1)=k

170011

ab-sin(bl)=k.

VYenosue y’(0)=0 BBITIOJIHSAETCS, KPOME TOTO,
NpOU3BOHAS OOpAIAeTCss B Hylb B TOYKE MaKCH-

y'(%)=0, 1o

ab-sin(bxy)=0. Orcrona X, :%. B Touke Mak-

MyMa  KOCHHYCOMJIbI €CThb

CHMMyMa MPOMW3BOJIHON BO3HHMKAeT HaWOONbIIas
MWHAMHUYecKas Harpy3Ka IPUBOJOB M y3JOB CTaH-
Ka TPU BBITIOTHEHUN JBHMKEHHI XOJOCTOTO XO[a.
Touka MakcuMyMa MPOM3BOJIHOM, B CBOIO OYe-
pelb, SBISETCA TOYKOW mepernda KOCHHYCOHWBI,
rJe BTOpas Mpou3BOAHAs (YHKIWH paBHA HYIIO:

y”=ab®-cos(bx)=0. Torma x:l, U MakKCH-

2b

MaJIbHOC 3HA4YCHHUC HpOI/I3BO,Z[HOI71 KOCHUHYCOU/JbI

T
"' — |=ab.
y(zb]

Cucrema ypaBHEHHIl OTHOCHTENbHO @ u b
MMEEeT BUJ

ab-sin(bl)=k, )

a(1-cos(bl))=D—-d. @

ITycts t=bl. VI3 BTOpOro ypaBHEHHUs CHUCTEMBI
(2) naxomum

. Db-d @

~ 1—cost’

MOJICTaBHM a B IIEPBOE YpaBHEHUE CHCTEMBI (2)

(D—d)t

(1—cost)| sint=k. 4)

U3 (4) naxomum

t_c(l—cost)
~ sint
NJIn
t
t=c-tg—,
gZ

rae C= D_d’ ITonyuunu ypaBHeHHUE BuAa

t=o(t). (5)

Ecmu ¢yukius ¢(t) yaosreTBopsieT Ha OTpe3ke
[to, to+r] ycroButo JTummruma

|(P(t1)—(P(t2 )|S0°|t1—t2| (6)
C IOCTOSSHHOH «

@= max fo(t)) &

TO COTJIACHO TEOpEME O EAWHCTBEHHOCTH PEIICHUSI
[3, 4] ypaBuenue (5) umeer perieHue

t, = limt,, )
nN—o0
rae
t,=o(t,g) n=12.... )
Haxoaum
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~ c(1-cost)

o(t)=

[TorpeOyeM BBIMOJHEHHE YCIOBHS €IMHCTBEH-
HocTHu pemeHus (5).

sin®t

O<a<l],
0<o(ty)—to <(1-a)r.

Jnuna xomocrtoi 30Hbl | ~3431. B coorser-

CTBHHM C TEXHOJOTHYCCKUMH PEKOMEHIAIMSIMHU KO-
HYCHOCTb penynupOBaHUS o JTHAMETPY
-0,14<k <0, pasauma MeXIy OHaMETPaMH 3aro-

TOBKH U r0TOBO# TpyOsl 30<D—-0<40 MM, O3 TOMY —
1,6<c<-0,86. HenocpencTBeHHBIMU BBIYKCICHUSIMU
nojyvyaem

t,=5,42, r=0,75.

Takum 00pa3oM, YCIOBHS TEOPEMbI O Cylile-
CTBOBaHHUM €IMHCTBEHHOTO pemienus [3, 4] BuImon-
HEHBI, pemienne ypaBHeHust (5) ¢ 3aaHHON TOYHO-
CThI0 HaxoauM 1o ¢opmyse (9), mpu 3ToM UMeeT
MECTO OICHKA

It —t,

o
Sghn ~t,], n=1,2,..

t
Tak kak t =bl, To b =T‘, 3aTeM 1o (Gopmyiie

(3) Haxomum a . Jlanee CTPOUM MOJyYCHHYIO KOCH-
mycounay (1), coemunsronryro Touku JI; u A; Ha X0-
JIOCTOM y4acTKe Kanuopa.

Tenepb MoCTpONM KyOHUYECKyIO napabory

y=ax’ +bx? +cx+d,

yIIOBJIETBOPSIOIIYIO TEM K€ HAYaIbHBIM YCIOBHU-
aM, uto n kocumyconma: Y(0)=d, y(1)=D,

y'(0)=0, y'(1)=k.
Tak xkak Y =3ax’+2bx+C u y'(0)=0 no

ycioBHio, To ¢ = 0. [TosTomy napa6osa UMeeT BHL
y=ax® +bx* +d,

rae d — auamerp rotoBoit TpyOsl,
u

y'(1)=3al? +2bl =k.

Takum 00pa3om, MosyueHa CUCTeMa ypaBHEHHIA
OTHOCHUTECJIBHO a U b

3l%a+2lb =Kk,
I*a+1’b=D-d.

Ee pewenue:

,_K-2(D-d)
|3

-kl +3(D-d)
b= —_—
|
Touka MakCUMyMa MMPOU3BOJIHON

b

X=——
3a

nin

_KI-3(D-d) I

X=—— 2 —,
kl — 2( D-d ) 3
Touka MakcumyMma GyHKIIHA
2
3a

nin

K-3(D-d) 2l
““W-2(b-d) 3

IIpu orpannuenusx | =343,1, -0,14<k <-0,1,
50<d <90, 60<D <120 (d<D) nomyuaem: Ha

yaactke [0;1] MakcMMyM KOCHHYCOWJIbI OOJbIIe

MakCUMyMa KyOW4eckoil mapaboiibtl U MaKCUMyM
MPOU3BOJHON KOCHHYCOHIBI OOJbIE MaKCHMyMa
MIPOM3BOIHOM HapadoIIbl.

[Ipusenem IpUMep. D =84, d =60,
k =-0,12. Tlomyuaem, 9TO AJIT KOCHHYCOMJIBI MaK-
CHUMaJibHAsh CKOPOCTh W3MCHEHHS KpPUBOW paBHA
0,164 na 297-m rpagyce, MakCUMyM (QYHKIHH pa-
BeH 88,43 na 339-m rpanyce. s kyOudeckoii na-

pabosibl MakcHMalibHasi CKOPOCTh W3MECHEHHs MPO-
m3BogHoW paBHa 0,13 Ha 300-m rpagyce, makcu-

MyM ¢yHKUIMH paBeH 86,96 na 344-Mm rpanyce.

Pe3yﬂBTaTbl HCCJIeJ0BaHUA U BbIBOAbI

Tak kak 3a7a4a MOCTPOCHUS XOJIOCTOH 30HBI Ka-
nubpa COCTOMT B MUHMMH3ALMH HauOOJBIIETO 3HA-
yeHHs (QyHKIMHM W TPOW3BOJHOM HA y4acTKe BO3-
pacTanus (QYHKITUH, TO B KQUeCTBE MCKOMOU (pyHK-
UM BeIOMpaeM Kyoudeckyto napaboiny. Pacuerst mo
NPUBEICHHBIM (OpPMyJaM pealn30BaHbl Ha ajro-
putMuyeckoM si3bike Quick Basic.

Hcnonp3ys mpeuiokeHHYI0 METOAMKY pacué-
Ta XOJIOCTOM 30HBI M pekoMeHaanuu [1], ObuTH
paccuuTaHbl KOMUPBI-KYJIaKku (PUc. 2) sl CTaHKa
JI3-250. Xomnocrasi (Hepabouas) 30Ha KamubOpa
COOTBETCTBYET Ha KOMUPE-KYJIAKe CEKTOPY MEXIY
256-m u 360-m rpagycamu.
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Puc. 2. Kynaxk Bpe3anus (pazBopota
nuudoBaipHOro Kpyra) cranka JI3-250

[IpakTiueckoe mNpUMEHEHHE MpH HUTM(POBAHUN
pyuseB kamuOpoB Ha cranke JI3-250 B ycnoBumsx
KpacHosIpcKOro MeTayuryprayeckoro 3aBoja Io npea-
JIOKEHHOM METOJMKE MOJITBEPIIIIO TIOTyYEHHBIE TEO-
PETHUYECKHe Pe3yJbTaThl, YTO MO3BOJISIET PEKOMEH/IO-
BaTh Pa3pabOTKH MO MPOEKTUPOBAHMIO MPOGUIS XO-
JIOCTOH 30HBI B IPOMBIIIJIEHHOE TTPOU3BOICTBO.
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Abstract

Problem Statement (Relevance): This paper deals with
a problem of building a smooth curve connecting the be-
ginning and the end of the gauge idle zone under pre-
defined initial conditions. Theoretically, there can be an
unlimited number of ways to connect the two points. El-
ementary functions, which have their inflection point in
the idle zone, offer the easiest ways of building such a
curve. The relevance of this paper includes improved
kinematics of a machine-tool used for gauge treatment,
which is subject to the greatest load when passing the
inflection point. Objectives: The objectives of this work
include a minimized derivative of the selected function in
the inflection point and minimizing the greatest value of
the function when it approaches the point where the
working area starts. Methods Applied: This paper is
based on mathematical methods, including the iteration
method applied for calculating the parameters of the tar-

get curve. The paper is also based on the Lipchitz theo-
rem stating that this problem can only have one unique
solution. Cosinusoid was chosen for the target curve. The
second curve that connects the points concerned is a cu-
bic parabola. The paper looks at the maximum velocity
with which the function increases in the idle zone, which
sees its greatest load when the cam moves in the LZ-250
machine, as well as at the peak points of both curves in
the idle zone. Findings: Following the findings and the
results of numerical experiments, the authors finally
chose to use the cubic parabola, as it has a lower maxi-
mum value compared with the cosinusoid and a lower
value of the derivative function in the inflection point.
This appears to be the first research effort that was based
on a concrete function and a minimized load present in
the idle zone in a gauge treatment operation. The method
of calculating the idle zone gauge by connecting the
working area start and end points in the form of a parabo-
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la under relevant initial conditions, has found a successful
application in the LZ-250 machine installed at Krasno-
yarsk Metallurgical Works. Practical Relevance: The
practical relevance of this paper includes an extended life
of costly machinery, i.e. the LZ-250 machine in this case.

Keywords: Pipe, cold rolling of pipes, gauge idle zone,
cosinusoid, parabola, calculation, LZ-250 machine.
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