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CopTomnpokaTHOe TPOU3BOICTBO

D.I.Kinzin, S.A.Levandovskiy
Nosov Magnitogorsk State Technical University

MANAGEMENT OF ROLLS HANDLING FACILITIES
OF LONG PRODUCTS SHOP

Abstract. The existing problems of rolls handling facilities, as in the case of PJSC "Magnito-
gorsk Iron and Steel Works" Long products shop were considered in terms of a proposition to have
them solved by means of introduction of an automated information system for accounting and man-
agement. A review of literary sources on issues of information technology, management, logistics
and organization of rolls handling facilities was performed. The basic provisions of automated in-
formation system have been developed, and the issue of rolls handling facilities management on its
basis is considered.

Keywords: rolls accounting, rolls handling facility, roll life cycle, automated information sys-
tem.

Introduction

The efficiency of rolling mill is largely determined by the quality and culture of operation of
the main working tool - mill forming rolls. A wide product mix of rolling mills requires a signifi-
cant operating fleet of forming rolls and storage areas, which requires high expenditures. At the
same time, the consumption of rolls occupies a significant share in the cost of rolling products. The
condition and stability of rolls influence on the quality of rolled products and mill’s efficiency. It is
obvious that improvement of rolls quality, their operation and rational organization of rolls handling
facilities will ensure increased productivity, improved quality, and reduce the production costs for
long products shop.

The basis for a rational organization of rolls handling facilities is the accounting of mill rolls.
Rolls handling facility, the value of which may reach hundreds of millions rubles, requires accurate
accounting for the calculation of rolls fleet, the statistical determination of rolls consumption, cor-
rect depreciation of rolls to the cost of rolled products, analysis of rolls breakage, etc. At the same
time, out-of-date accounting methods do not meet the modern requirements of time and are a drag
of development. At the present time, there are more effective information technologies, which open
up new opportunities and can become the basis of a competitive advantage.

Existing Problems of Rolls Handling Facilities and Methods for Solving Them

We shall consider the problems and methods for solving them as in the case of PJSC "Magni-
togorsk Iron and Steel Works" Long products shop [1].

Among rolls handling facilities of all rolling shops of PJSC “MMK?”, the most complex in its
structure and number of rolls is the rolls handling facility of long products shop. The total number
of grooved rolls is about 2500 for the amount of 500 million rubles. Rolls of flats mills are much
more massive and more expensive, but because of the smaller amount of them, it is much easier to
control them (for comparison, in RS No. 10 the number of rolls is much smaller than in long prod-
ucts shop). The complexity is not only in quantity, but also in a variety of sizes and materials. There
are about 70 different blank rolls used for making the grooves, and considering the rolls pass de-
sign, there are about 500 positions that differ significantly from each other.

The range of rolls consumption per ton of rolled products may differ significantly depending
on the rolled profile [2]. In long products shop the share of costs for rolls in 2006 amounted to
about 15% of the total costs of production area, which is worth paying attention. If we calculate the
consumption of rolls on specific rolling profiles, the product mix in long products shop has about
five hundred profiles, we shall get a very heterogeneous structure. The rolls consumption during
rolling of different profiles can differ by tens of times. However, only the average cost price is cal-
culated, despite the fact that different profiles can bring different profits, and probably some sort of
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products is unprofitable. The calculation of costs in terms of distribution of costs for rolls can be
performed much more accurately. At least, it is quite possible to distribute these expenses by groups
of profiles, since the costs for rolls are inherently direct and variable [3].

To solve the task, it is necessary to have accurate information about how many rolls are con-
sumed and to what types of products. The knowledge of rolls consumption is also necessary for the
development of a rational budget for rolls for the next year of rolling mills operation.

The lack of necessary information makes it impossible to solve other pressing problems. In
particular, it is impossible to analyze the causes of rolls breakage, and, consequently, develop justi-
fied measures to reduce them. It is extremely difficult to carry out experimental work on changing
the pass design and material of rolls, since there are a lot of such experiments and they last for many
months, so the results can be obtained only in the form of statistical indicators. The lack of such in-
formation forces us to draw conclusions based on indirect and subjective sources.

An important task is the effective combination of grooves on rolls. A large number of rolls are
cut into different grooves. If this is not done, the consumption of the rolls will be reduced, but the
total number of rolls that are in operation will increase several fold. There is every indication of the
optimization problem.

The great complexity of long products shop rolls handling facility makes it difficult to man-
age and generates mistakes when working with it, which lead to a decrease in production and quali-
ty of rolled products.

Development of Basic AIS Regulations for Rolls Handling Facility Control

The basis for solving the described problems can become an automated information system
(AIS) for accounting and management of long products shop rolls handling facility.

The current stage of development is characterized by the transition to an information society.
No organization can carry out its activities without information. In the normal functioning of an or-
ganization, in terms of its management all the employees, from a simple worker or an employee to
the director need a variety of information. At the same time, information processes are not the end
in themselves; their aim is the ultimate control of material flows and their interaction. In this con-
nection, the solution of rational use problems of modern and promising methods and means of pro-
cessing information in practical activities acquires paramount importance. Domestic and foreign
experience convincingly proves that the development of metallurgical enterprises, the solution of
quality problems and competitiveness of steel products in the world market require radical im-
provement of systems for collecting, storing, processing, transferring and using the information [4].
This is the only way to significantly increase the effectiveness of professional activity. The applica-
tion of new information technologies makes it necessary to carry out a new evaluation of the effec-
tiveness of an enterprise's activity [5]. Information technologies are also the basis for success of the
application of logistics and new approaches to organization of business processes.

However, the most important advantage of an automated accounting system is that the man-
agement can at any time observe an objective picture of their business and immediately analyze it.
A PC will show the current situation and the process history. It makes it possible to control all as-
pects of the activity and see what has slipped of our attention before [6].

There is a need for system that will take into account the specifics of mills’ operation and
their product mix. At the same time, the work on information input should be evenly distributed
among employees who are the carriers of such information. Such a system should become the in-
formation foundation of management activity, and not be limited only to accounting. The commis-
sioning of such a system is aimed at reducing the costs of a production area, improving electronic
document management, continuous evaluation and analysis of performance, improving the manage-
ability of the workshop. Such AIS are created using database technology, which is well developed
and widely used. To create such systems, high-performance computing equipment is not required.

Each roll experiences various events from the moment of purchase to the moment of disposal.
Each roll can have its own unique history of such events. Despite the diversity, the "life path" of
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any roll can be put in a general scheme. In the block diagram of possible events (Fig. 1), rectangles
indicate the events themselves, and rhombuses - the stages of decision making.

Then the main principle that lets us know the history of each roll will be the mandatory reflec-
tion of all the events in AIS.

AIS of rolls handling facility management will allow to evaluate a number of key indicators
that reflect the system's efficiency.

These are the following recommended indicators:

- rolls consumption per unit of time (current stock of rolls);

- insurance stock of rolls;

- number of rolls in operation;

- number of rolls in warehouses;

- fleet of rolls (total number of rolls);

- rolls consumption per 1 ton of rolled steel;

- rolls resource;

- coefficient of a roll use;

- illiquid stock of rolls;

- turnover of rolls.

All the above indicators should be calculated automatically and also automatically presented
in the form of monthly and annual reports. In addition, reports should include checksums that will
show the reliability of the information provided, for example, the amount of rolled steel according
to AIS data and the actual amount for the same period.

Along with automatically generated reports, the system should allow the creation of a report
on the user's request to obtain the necessary information in a convenient form.

AIS of accounting and management of rolls handling facility of long products shop opens up
new opportunities for reducing production costs.

Ways to Reduce Costs and the Economic Effect with Introduction of AIS

One way to reduce costs of mill rolls is to increase the coefficient of their application. Rolls
never reach their resource up to 100%. It has to do with the following reasons:

- rolls breakage;

- errors during grooving;

- combination of grooves on a roll body;

- aroll is sent to grooving with unused passes.

It is hardly possible to completely eliminate these reasons, but it is possible to reduce their
impact due to a more accurate accounting system.

In particular, the availability of a digital database for rolls calibration will eliminate the need
to have paper drawings. Since calibration is constantly changing for various reasons, there are many
versions of drawings that can not be tracked. This will also increase labor productivity due to elimi-
nation of many unnecessary activities.

The roll pass design department, as the developer of drawings, will have to keep the database
up to date, which can not be done with a lot of paper copies. In addition, the database could contain
rolling modes for operators and rollermen. The existence of a single, correct, up to date and availa-
ble for everybody version of rolls pass design will contribute to order and reduce errors.

The goal of combining different passes on rolls is to reduce the fleet of rolls and number of
rolls change, because one and the same rolls can roll different profiles. However, monthly rolling
campaigns differ from each other in the composition of profiles and volume of orders. It means that
not all grooves are used in this campaign, and leaving them to the next one is not rational. It is not
possible to refuse to combine the passes due to the fact that this will lead to an increase in the rolls
fleet several times. But it is possible to make it more rational having full information about the
grooves application.
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Another, perhaps the most significant, way of reducing costs is in the field of controlling the
stock of rolls [7]. Using scientific methods of inventory management allows us to identify hidden
internal resources of the enterprise. Managing the production stock — means that you are always
able to meet the requirements of production. If the inventory management is carried out taking into
account this requirement, then its implementation is possible only on the basis of a certain level of
reserves. The more stocks, the easier it is to meet the demand for them. But this condition distracts
significant amount of circulating assets into stocks and reduces their turnover, i.e. reduces the effi-
ciency of using the means of production. But a small number of them leads to losses. The methods
for regulating reserves tend to be more effective if there is more information on demand available.
The use of recommendations of the theory of inventory management requires a scientific approach
to studying the patterns of demand. In our case, while we are talking about controlling the stock of
rolls, the customer is a rolling mill. The information on rolls consumption should be concentrated in
AIS, which will serve as the basis for determining economically justified norms of a marginal level
of rolls stock. A distinctive feature of the rolls handling facility of PJSC “MMK” long products
shop is that the insurance stock of rolls considerably exceeds the current stock. It has to do with a
wide product mix and high inertia of the production process, the continuity of which is extremely
important. Therefore, the greatest effect can be expected from reduction of the insurance stock.
When making a stock of rolls, we are still guided by the principle - the more, the better. And at the
same time we refer to Soviet norms [8], which are clearly outdated. It is also not acceptable to apply
these norms because modern mills are equipped with rolls with much higher resource. The experi-
ence acquired during operation of new mills indicates that the available stock of rolls is not optimal.
The real resistance of grooves turned out to be higher than it was assumed in the construction of
mills.

A particular interest is the illiquid stock of rolls - these are rolls with grooved calibers, but
they are not used. It has to do with the fact that the workshop’s product mix contains very rare roll-
ing profiles that can be rolled once in few years. As a rule, the volume of orders for such products
does not exceed 120 tons. Therefore, rolls service life for these profiles can be hundreds of years.
From the point of view of functional and cost analysis, it is not rational to have rolls with service
life exceeding the service life of a rolling mill. Moreover, a few years is quite a long period during
which many things can change (the consumer will disappear or its technology will change and the
need for this profile will vanish). In view of the above, it would be more rational to regrinding such
rolls to other profiles. Another way is to groove passes of rare profiles on the rolls that have ended a
part of their performance potential, and not preserve their resource for many years. There may be
other solutions. In any case, it is necessary to consider each specific case individually, and without
full information it is impossible.

Conclusion

The analysis of that insignificant information available today makes it possible to expect that
after the implementation of AIS a fleet of rolls can be reduced. This is possible due to a clearer def-
inition of grooves stability and rolls consumption, and therefore a smaller re-evaluation of the risk
of formation of rolls deficit [9], reduction in the number of errors and a more rational combination
of grooves.

In the modern world the information in terms of its importance is not inferior to other re-
sources and information technologies is the most dynamically developing sphere of life [10, 11, 12].
It is Obvious that a large enterprise has no future without the development of this sphere.

We have illustrated how an automated control system, quite simple in the development and
operation, can affect the production process [13, 14]. With the right approach to the matter, infor-
mation systems can provide a serious competitive advantage.
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M.U.Pymsinues, A.H.Koabi0anoB
OI'bOY BO «MarHutoropckuii rocy 1apcTBEHHBIN
TexHnyeckuil yausepeurer uM. I'.M1.HocoBa»

BTOPOE YIIPOILIEHUE PACYHETA JE®OPMAILINU BAJIKOB
N IMTPOPUJIA ITOJIOCHI ITPHU ITPOKATKE B KJIETH KBAPTO
C IPUMEHEHUEM METOJAUKHA INIJNTAHUPOBAHUSA DKCIIEPUMEHTA

Aunnomayus. B cmamve onucanvl nian u pe3ynbmamsl KOMIbIOMEPHO20 IKCNEPUMEHMA Ha
OCHOBAHUU KOMOPBIX NOLYYEHbl HeTUHEUHble annpoKcumMayu OJis YNPOueHHo20 pacyema Mooyieu
NONepeyHol HeCmKocmu 8aik06o2o ysna kiemu keapmo CXII 2500.

Knioueswvie cnosa: oegpopmayus eankos, npoguib noaocel, MoOYIb HCeCmMKOCMU, NIAHUPOSA-
HUe dKCnepumMenma, Kiems K8apmo.

BBenenue

B cratee [1] Obl1a copMyTupOBaHa U MOCTABIICHA 33a/[a4ya YIPOIICHHS pacdera aedopMalin
BAJIKOB KJIETH KBapTO M MPOQWIIS MOIOCH! IyTeM OTHICKAHUSI MOJYJICH KECTKOCTH OT YCHIIHS TIPO-

P o o
Katku M p 1 perynupyromei CHIbl M g B BU/JIE NMOJMHOMHUHAIBHONW 3aBUCUMOCTH JUIsI KOHKPETHO-

ro crana. JlaHHas 3amava ObLIa BBITIOJHEHA B padoTe [2] C MOMOIIBI0 METOIUKH TUTAHUPOBAHHS
skcriepumenTta ansi crana LLICITI 2500. Tenepp HEOOXOAMMO OTBHICKATh 3aBHCHUMOCTH MOAYJEH
YKECTKOCTH OT YCWJINS MIPOKATKH U PETYJIHUPYIOIIEH CUIIBI 1711 CTaHa X010 HOM rmpokatku 2500.

IL1an 3xcnepuMeHTa

DKCIepuMEeHT OYJIeT OCYIIECTBIISATHCS C TIOMOIIBI0 KOMITBIOTEPHOW MPOTPAMMBI C HCIIOIB30-
BaHMeM MaTematudeckoil moaenu [3-7]. I[lpeamerom uccnenoBanus BeiOpana unuctoBas kietb CXII
2500 [TAO «MMK». Llenbto skcriepMMeHTa ABISETCS 3aMEHa BbIIICYOMSIHYTOM MOJAENIN 3aBHCU-
MOCTBIO B BUJIE TTOJTMHOMA.

B kagectBe Bimsromux (hakTopoB Ha MOJYJIH KECTKOCTH BaJIKOBOW CHCTEMBI OBLTH BBIOPAHBI:

1) 1mKMpUHA TPOKATHIBAEMOIA T10J10CHI B ; 2) JUMHA MEKBAIKOBOrO KOHTAaKTa Lop ; 3) KO3 ULHEHT

noaatnuBocty nojiockl KAk ; 4) yeunue npokatku P 5) nuamerp pa6ouero Banka Dp .

CornacHo MeTO/AMKEe IUIAHMUPOBAHUS SKCIEpUMEHTa [§], BbIOMpaeM IeHTpalbHBIH KOMIO3H-
IIMOHHBII poTaTabeNnbHbIN IUIaH BTOPOro nopsaka. BeiOpaHo msaTe BIUAOMUX (HAKTOPOB, CleA0Ba-
TEJIbHO, IIJIaH SBIsETCS MATH(AaKTOpHBIM. Beero Oyzaer mpoBeneHo 52 ombita, 32 U3 KOTOPBIX COOT-
BETCTBYIOT MOJHOMY (aKTOPHOMY SKCIEPUMEHTY («aapo» rmiaaHa), 10 OmbITOB CO «3BE3IHBIMID)
ToukamMu U 10 OonbITOB B LIeHTpE TUTaHa. J{Mana3oH u3MeHeHus: (pakTopoB BEIOMpPaEM COTIaCHO BO3-
MOXHOMY m3MeHeHHIo 3TuX (haktopoB Ha CXII 2500. YpoBHUM BapbupoBaHus (HaKTOPOB MPEACTAB-
neHsl B Tabm. 1.

Tabmuma 1
YpoBHH BapbHpoBaHus (HaKTOPOB
dakTopsl B,vm | Lop,mm| P MH | Kok, kH/MM| Dp, MM

OcHOBHOI ypoBeHb, (0) 1550 2205 18 20250 500
WHuTtepBan BappupoBaHus 275 148 9 9875 15
Bepxuuii ypoBeHs, (+1) 1825 2353 27 30125 515
Huxuwmii ypoBeHs, (-1) 1275 2058 10 10375 485
3Be3Has Touka, (+2) 2100 2500 35 40000 530
3Be3/1Has TOUKa, (-2) 1000 1910 1 500 470
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Pe3yabTarsl 3KCIEpUMEHTA

[Tocne Toro, Kak MOJYYMIIM YPaBHEHUS PErpeccHuH, Mo MeToAuke [8], U ocyluecTBUIN mepe-
XOJI OT HUX K TIOJIMHOMaM C HaTypaJbHBIMHU (haKTOpaMH, IMOJTyYMIIN JIBA YPABHEHUSI MOJTyJIEH JKecT-

KOCTH BAIIKOB OT yeuums pokatku M 5 w perymupytomeit cuer M5 -

ME =-23,758+0,083Dp—6-10 Dp* —0,001B+6-10"°B* +7-107° Kan —
—2:1071940,128P-3-107*P? + 0,004 Lop +3-10° Lop?> + 810" Dp B —
—4-10°DpKan+5-102'BKan+8-10°DpP+4-10°BP+2-102°KanP -

—8-10°DpLop—8-10°BLop—9-102 Kah Lop—4-10° P Lop; (1)

M§ =3422-0,013Dp+107°Dp* +10*B=6-10°B* —10 °Kan+3-10"" Kan* +
+0,005P+5-10°P? =2-10 " Lop—5-10"" Lop* +2-10 °Dp B +
+7-102' Dp Kah—10"'BKan—2-10°Dp P+2-10°BP—5-10"*' Kan P -

—5-10"" DpLop+10°BLop+9-1022Kah Lop—2-10° PLop. (2)

Ha puc.1, 2 npeacrasiensl quarpaMMbl COOTBETCTBUS MOIYJIEN KECTKOCTH BAJIKOB OT yCHIIHUS
IIPOKATKU U PErYJIUPYIOUIEH CHUJIBI COOTBETCTBEHHO, PACCUMTAHHBIE C MOMOILBIO Mozaenu [3-7] u
TN0JTy4eHHbIX ypaBHeHuii (1-2). B Tabn. 2 mpuBeaeHbl OTHOCUTENbHBIE O M abcomoTHbie A mo-
IPEIIHOCTH, KOA(PPHUIHUEHT ACTEPMUHAIMH (CTEIIEHb COOTBETCTBHS) R* u neiictBeHHOCTh [9-10]
E 5 MOJTYYEHHOM MaTEMATHYECKOW MOJEIU MPU ‘5‘ <5-15%. Ykazauuble OlEHKH Ka4ecTBa MO-

ACJIN MTOKAa3bIBAIOT, UYTO €€ COOTBECTCTBUC PC3YyJIbTATaM SKCIICPUMEHTA MOKHO CHYHUTATh XOPOIINMHU.

> s
4.5 R*=0.98 B
A Es=83.17%

3.5

ME, pacu., kH /MM
(8]

1 15 2 25 3 35 4 45 5

ME, axcn., kH /MM

Puc. 1. JIlnarpamMMa cOOTBETCTBUS MOJYJISL dKECTKOCTH OT YCHIIUS IPOKATKU
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> s
- -
4.5 R%=0.98 B
4 Es=83.17%

3.5

ME, pacu., kH /MM
(78]

1 15 2 25 3 35 4 45 5

ME, akcn., kH/MM

Puc. 2. lnarpaMmma COOTBETCTBHS MOAYJISI )KECTKOCTH OT PETYJIUPYIOIICH CUITBI

Tabmuma 2
Ol1IeHOYHbBIE XapaKTEPUCTUKU MATEMaTUYECKON MOJEIH
Mo1yJib &KECTKOCTH BaJIKOB OT yCHJIus pokaTku (1)
8, % Scp, % A, xkH Acp, xkH ]K2 ES, % EIO, % EIS, %
-27.69...14.70 | 0.07 | -0.67...0.80 | 0.00 0.98 83.17 96.58 99.59
Mo1ysb JKECTKOCTH BAaJIKOB OT PEryJIUpYIoIIel cuibl (2)
8, % 8cp, % A, xkH Acp, xkH R2 ES, % EIO, % EIS, %
-13.54...14.20 | 0.72 | -0.08...0.33 | 0.01 0.99 73.32 95.21 99.23

Takum 006pa3om, OBUTK MOTYyUYEHBI MaTeMaTH4YecKue Moienu (1-2), KoTopbie TO3BOJISIOT TIPO-

P o
THO3HPOBATH MOYJIH KECTKOCTH BAJIKOB OT yCHIIMS IPOKaTku M p ¥ perynupyromei Cuist M g
C XOpoIlIel MaTeMaTHUeCKOM IEHCTBEHHOCTHIO (Ta01.2).

HccnenoBanue mosty4eHHbIX MaTeMaTH4YeCKHX MoJeJieil J1J1sl MPOrHo3a MoayJei KecT-
KOCTH OT YCHJIUSI IPOKATKH M PeryJupyrouei Cujbl

bputn BBHITIOTHEHB! TOMOJHUTENIBHBIE UCCIECI0BAHUS IPOTHO3UPOBAHUS MOIYJIEN KECTKOCTH
BaJIKOB TP YCIIOBUSAX MPOKATKH (Tabi. 3) 1y MATKOW M HAarapTOBaHHOM MOJIOCHI. Pe3ynmbTaThl HC-
CJI€IOBAHMI MPECTABIEHbI HAa puUC. 3.

Tabmuna 3
Pexumbl TPOKATKH MPU KOMITBIOTEPHOM HCCIIEI0BAHUH YCIOBHM MPOKATKU
JUTs pacueTa MOAyJIeH )KECTKOCTH BAJIKOB TIPH XOJIOJHOM MPOKATKE
No hOa h]a OTos| OT1> D, B,MM Pna P,MH KAha
MM | MM | MIla | MIla | MM MH kH/MmMm
Msrkas 2 1,2 | 230 | 546 6,8 [6,8...14,3117000...35700
HaraproBannas| 1,2 | 0,7 | 546 | 653 >0011000...2100 8,6 [8,6...18,1(17200...36120
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4,5 45 »
4,0 4,0
3,5 - 35 g
30 | “ 30 | @
L} = @
= ' = )
Z 25 @ it = 25 \a » —o— ML
i 2,0 LS = = 20 My
=
1,5 1,5
1,0 ¢ L0 -,
. e,
0,5 . 05 -y
9 o o+ A S S 4
0,0 0,0
04 05 06 07 08 09 04 05 06 07 08 09
B/Lp B/Lp
a 3]

Puc. 3. 3aBUCHUMOCTDh MOJTyJIE€H )KECTKOCTH BAJIKOB OT IIMPUHBI TTOJIOCHI
JUISL MATKOH (2) M HarapToBaHHO (6) MOIOCH

3 Fpa(bI/IKOB BBIIIC BUAUM, YTO IIPU HNPOTHO3UPOBAHUU MOAYJIS KECTKOCTHU BAJIKOB OT YCHU-

2 B/Ly=0.6 i
JINS HpOKaTKI/I M B MUHUMAJIBHOC 3HAUCHUC nonyqaeTc;I HpI/I p — Y, KakK st MS[FKOI/I, TaK U

JUIi HATapTOBAaHHOW MOJOCHL. A 3HAYCHHME MOJMYJS JKECTKOCTH OT peryaupyromei cumsr M g

YMCEHBIIACTCA € YBCIMYCHUEM HIMPUHBI ITOJIOCHI JO TEX IIOP, IMOKA OTHOIICHUC B/Lp HE OOCTUT-

"et BenuuuHbl 0,6. [Tpu nanpHelimem yenndenny mupunasl M g MPAKTUYECKU HE U3MEHSETCHI.

3akjaueHue

C ucnonap30BaHUEM METOIMKH TUIAHUPOBAHUS SKCIIEPUMEHTA, ObUIM MTOJIy4EHBI JIBA [TOJINHOMA
BTOPOH CTENEHHU, KOTOpPhIE MO3BOJISIOT YNPOCTUTh pacueT [3-7] moaynell monepeyHoi KeCTKOCTH

P o
BAIKOB OT ycuius npokatkn Mp u perymupyrouent cunbl M g JUISL BaJIKOBOTO Yy3Jia KJIETH

CXII 2500 [TAO «MMK».

JIeiCTBEHHOCTh MaTEMaTUYECKOM MOJENH B BUJC YKa3aHHBIX IIOJMHOMOB IIPU JOITYCTUMOU
norpemHocT 5% coctasisietr 83,17% ansg Moxyns xkecTkocTu oT yeunus npokatku (1) u 73,32%
OT perynupyroeit cuisl (2). PacueT mo 3TUM BhIpaXXEHUSM MPOU3BOJUTCS 32 KOPOTKOE BPEMs, UTO
ABJISIETCS] 3HAYUTEIIbHBIM IIPEUMYIIECTBOM ISl IPOU3BOACTBEHHBIX YCIOBUM. VITOrOBBIN pe3yapTaT
(tabmn. 1, 2, puc. 1, 2) xapakTepusyeT MOJeNb KaK MPUEMIIEMYIO JJIsl pacyeToB ynpyrux aedopma-
U BAJIKOBOM CUCTEMBI C LIEJbIO0 OLICHKH OTPAHMYEHUN MO MONEPEYHOM Pa3HOTOJIIMHHOCTH H
IUIOCKOCTHOCTHY MPOKAaTaHHOW MOJIOCHI.

B Xozme KOMIBIOTEPHOrO MCCIEIOBAaHUS TAKKE YCTAaHOBJIEHBI CIEAYIOIINE 3aKOHOMEPHOCTH
BJIMSIHUS YCIIOBUM MPOKAaTKW Ha MOAYJIM YKECTKOCTH BaJKOB. 3HAUEHUE MOJYJIS )KECTKOCTH BAJIKOB

P o
or ycunust npokatku M p uMeeT CBOl MHHHMYM IIPH COOTHOLICHHH B/Lp=0,6. A moxyns

’KECTKOCTH BAJIKOB OT perynupytomeit cunsl M g npu yBemmdenuu otHomenus B/ Lp 1o 0,6 mo-

HOTOHHO YMEHBIIIAETCs, a B lajbHelmeM pakTUIeCKu CTaOUIN3UPyEeTCsl Ha MPUMEPHO MOCTOSTHHOM
YpOBHE.
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M.I.Rumyantsev, A.N.Kolybanov
Nosov Magnitogorsk State Technical University

SECOND SIMPLIFICATION OF CALCULATION OF THE DEFORMATION
OF ROLLS AND STRIP PROFILE FOR ROLLING IN THE FOUR-HIGH STRIP MILL
WITH THE EXPERIMENTAL PLANNING

Abstract. The article present the information about the plan and results of the computer ex-
periment on the basis of which nonlinear approximations were obtained for the simplification cal-
culation of the modulus of rigidity of the rolls of the four-high strip mill 2500 cold rolling.

Keywords: deformation of rolls, strip profile, modulus of rigidity, experimental planning,
four-high strip mill.
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B.1O.PyouosB

AO «EBPA3 HuxHeTarniabCkuii METayuTypruuecKuii KoMOMHAT

O.1. lleByeHKO

«Ypanbckuil GpeaepanbHbIil yHUBEpCUTET MeHH niepBoro [Ipe3uaenta Poccun b.H.Enbiinay

HwxHeTarnnbckuit TEXHOIOTMYECKUH HHCTUTYT ((puituan)

M3T'OTOBJIEHUE ITAPOITPOKATHBIX BAJIKOB
C IEPEMEHHOMU I''TYBUHOMU BITA/IMHbBI

Aunnomayus. I[Ipedcmasnenvl cyuecmayowjue Ha ce20OHAUWHUL OeHb CNOCOObL U320MOBIEHUS
WAPONPOKAMHBIX BATKOG C YUEMOM B03MONCHOCMENU Memaniopexcyueo 0bopyoosanus. Onpede-
JIeHbl NEPCHEeKMUBLL PA3GUMUSL MEMOOUK KATUOPOBKU UAPONPOKAMHBIX BAIKO8 C BO3MONCHOCIIBIO
noxyuerus demaJeti 1000t Gopmbl CIOHCHOCMU NO CNPOEKMUPOBAHHBIM 3-D modensam na 4-x u 5-u
KOOpOUHamHulx obpabamvisaowux yewmpax. Pazpabomana modens pacuema wiaponpoKamuvix
8A/IKOG C nepemenHouU 2nyOuHou énaounsl. [lpedcmasnensvi cnocobvl U320MOBIeHUs UAPONPOKAN-
HbIX 8ANIKOB C KATUOPOBKAMU, KOMOPbLE NO3GOJISIN NOJYUUMb 8bICOKYIO CMeneHb MOYHOCMU NOJLY-
yaemo20 wapa, 6KIYAsL MOYHOCHb 2eOMEMPUYECKUX DASMEPO8, PABHOMEPHOCb 00dcamus no
9KEAMOPY U NOJIOCAM.

Knioueswvie cnosa: waponpokammwiii 8an0K, nepemMenHas 21youHa 6naounbvl, 5-Kko0opOUHaAmHule
obpabamulearoujue yeumpul, NPOOOIbHASL NOOAYA, OKPYHCHASL NOOAUA.

BBenenue

B mpomecce mpokaTKM MIapoB Ha JIByXBaJIKOBBIX CTaHAX IOTNEPEYHO-BUHTOBOM MPOKATKH,
dbopMOBKa mmIapa OCYIIECTBISACTCS pedOpIaMy BajKOB, BBICOTA KOTOPBIX IMOCTOSTHHO BO3pacTaer.
BricoTa peGop bl kKaaubpa MOKET H3MEHSTHCS TI0 U3BECTHBIM 3aKOoHaM (puc. 1):

— 10 3aKOHy NpsIMOHM JWHUU [1], TAaHHBIA METOA WCIOJIb3YeTCS B OOJBIIMHCTBE CIIydaeB IS
YIOPOLICHHUs pacyera KaJTuOpPOBKH M WM3TOTOBIICHUS MPOQWIS Balika, TaK IMOJTYYEHHUE TAKOTO
poQ I BO3MOXHO 110 BCEM W3BECTHBIM METOJIaM M3TOTOBJICHHUS IIaPONPOKATHBIX BAJIKOB;

— 10 3aKOHY Mapaboinyeckoil TUHUH [2] — BO3MOXKHO TOJBKO Ha HEKOTOPHIX ctaHkax ¢ UIIY,
I7Ie OCYIIECTBIISCTCS HE3aBUCHMOE PEryJIpyeMoe MepeMelIeHne TONepeyHoi moaayu 1o mna-
paboIMYeCcKUM 3aKOHAM, a TAK)KE Ha KOMMMPOBAJIbHBIX CTAHKAX;

- 10 TUIEepOOTMYECKOMY 3aKOHY Ha MPAKTUKE HE MPUMEHSIICS.

Puc. 1. I3MeHeHne BBICOTHI pe0Op/Ibl BaJIKa:
a — 10 TUHEHHOMY 3aKOHY; b — 10 MapaboINYecKOMY 3aKOHY; C — 10 THUIIEPOOTMYECKOMY 3aKOHY
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Kpome 3T0oro, Heo6XoaMMO COXpaHEHHE MTOCTOSHCTBAa 00beMa B KaIuOpe, MO3TOMY Ha BaJIKax
IIapPONPOKATHBIX CTAHOB BHHTOBAs KaHAaBKa, OrpaHWYEHHAas pedopaaMu, UMeeT TIepeMEHHBIH Mar.
B cBsa3m ¢ atiMm CYIICCTBYCT HCCKOJIbKO OCHOBHBIX THUIIOB KaJ'II/I6pOBOK IaponpOKAaTHLIX BAJIKOB U
CIIOCOOOB MX W3TOTOBJICHHSL.

Tunbl KaINOPOBOK MIAPONPOKATHBIX BATKOB

Camas mepBasi cxema HpokaTku Oblia mpeiokeHa B 1888 romy mo marenty [3] (puc. 2).
B nanHoll cxeme, 1 KOMIIEHCAIIMM MCKaXXCHUS KaIMOpOB M3-3a UX pa3BOpPOTa Ha yroJj IMojayH,
ObUIO IPEAYCMOTPEHO BBIIIOJHEHNE BUHTOBBIX KaJHMOPOB Ha THIIEpOOJIONIE, OJHAKO U3-3a CII0KHO-
CTH M3TOTOBJIEHMSI M MaJoOro MCKa)kKeHHs KalnuOpoB Takoil crioco® He Obul peanu3oBaH. Brepsbie
OTBIT MPOKATKH C MPAaKTUYECKUM NpPUMEHEHUEeM Obul mpousBeleH B 1950-x romax moa pyKoBOA-
cteoM A.N.Ilenukoga.

e s, & ]

G Y rhh

i ,AV-\;
“ i
. 3

L S
7l

Puc. 2. Cxema npoxkatku mapos (I'epmanus 1888r.)

Kpome opurunanbHOi MeToauKH, paspadbotannoit A.M.IlenukoBeiM [4], cyliecTByeT MeTo-
JIMKa, Tpe/ICTaBlIeHHas B paboTax OTeUYeCTBEHHBIX aBTOPOB [1, 5, 6], a Takke 3apyOeKHBIX aBTOPOB
[7-10], HO 00e METOAMKHN MPUMEHUMBI K BaJKaM C AMCKPETHBIM IIaroM. BelenepedncienHbie Me-
TOJIUKU KaJTHMOPOBOK CBOJAATCS K MOAOOpPY ONTHUMAIBHOIO HAOOpa IIAroB M XapaKTEPHBIX UM Hap
CMEHHBIX IIECTEPEH, U1 o0ecreueHns Hanbosee paBHOMEPHOTro 06xkaTus. M3roToBieHHbIe TAKUM
METOJIOM BaJIKM TPeOYIOT OOKAaTKM Ha cTaHe. B kanmOpoBKax, HCIONB3YyEeMBIX ISl TOKApHO-
BUHTOPE3HBIX CTaHKOB IOCJIE NPEABAPUTEIBHOIO pacyeTa Iiara, MPOU3BOAMTCS €ro moadop co-
IJIACHO OJIMIKAMIIMM 3HAYEHUSIM NE€PeJaTOYHOTO0 OTHOIIEHUS, 00€CIeYeHHOro NoA00pOM CMEHHBI-
MU LIECTEPHIMH, 3aTEM POU3BOIUTCS IPOBEPOUHBIN pacyeT Ha 3arloJIHEHUE KaTuOpoB.

BriepBbie BO3MOXHOCTh NMPUMEHEHUS] HENPEPHIBHO-U3MEHSIOLIETOCs I1ara OlnucaHa B KHU-
re°[4], rae ObUIO MPEINONI0KEHO NMPUMEHEHHE CIICIUATBHBIX KOMMPOBAIBHBIX YCTPONCTB IS €ro
obOecnieueHus. OJHUM M3 NEPBBIX HMCCIEIOBA U HMCIOJIb30Bal HENPEPHIBHO-MEHSAIOMMNCS MIar
B.M.Korenok [11-13]. Ero cmoco® kaiuOpOBKH 3aKiIIO4aeTcs B MNPUMEHEHUU HEMPEPHIBHO-
MU3MEHSIONIETOCs [ara 1o 3aJaHHON (DYHKIIMH C HCIOJIB30BAHUEM KOIMPOBAIBHBIX IOJTyaBTOMA-
toB. CornacHo merony, npeanoxxeHHoro B.M.KoreHok, u3ameHenue mara kanubpa oOecrieuuBaeT
KONIUPOBaJIbHBIA MEXaHU3M K TOKAPHO-BUHTOPE3HOMY CTaHKY, a YCTAHOBKY BaJIKOB — CIEIHMaJIbHAs
aHmraiba (puc. 3).

ABTOpHI U3 JII001MHCKOTO TeXHUYECKOT0 YHUBEPCUTETA HCTIONIB3YIOT B CBOMX PadOTaxX METOA
KOHEUYHBIX 3JIEMEHTOB C MOCTpoeHHeM 3-D Mozenu. DTuMH yueHbIMH OblIa MPEUIOKEHA MOJIENb
KOHYCO00pa3HbIX BaJIKOB (puC. 4).

Taxoke cylecTByeT MPOMBIIIICHHBIH ONBIT IPUMEHEHHs KATMOPOBKU BaJKOB C HENPEPBHIBHO-
M3MEHSAIOIIMMCS 1IaroM C UCHOJb30BaHUEM 3-D Mozenu, mOCTpOEHHON M0 NPaBUITy KPUBBIX 2-TO
nopsiika, 00pa30BaHHBIX 5-10 TOUKaMH, KOTOPBIH ONKCcaH B cTaThe [ 14].
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Puc. 3. Texnonoruveckuii pouecc u3rorosiaeHus Bankos [IIC
C BUHTOBBIM KaquOpoM MepeMeHHOro 1mara no metony B.M.Korenox

Puc. 4. BapuaHt kaTuOpoOBKH ¢ IPUMEHEHHEM KOHYCOOOpa3HbIX BaIKOB [10]

OyHKIMS U3MEHEHHUS 11ara, JUisi BAJIKOB C HEMPEPHIBHO-MEHSIOIIMMCS IIaroM U MOCTOSIHHON
MIUPUHON PEOOPABI, IO KOTOPOM OMPEACIAIOT 5 TOYeK BUHTOBON KPUBOIA:

0 2 2 20p
As =T __[ b, (R*—x")+x"(R—x/3) g
7 R?

a “*ocu
R

: (1)

rae b, — mmpuHa peOopabl (IIMHa nepeMbruku); R — paauyc cdepsl ycaoBHOro kanuopa (riayou-

Ha BIIaJWHBI BaJIKA), T — OCHOBHOM IIIar KaJguOPOBKHU 3a1ac€TCAd BO BPEMA IPOCKTUPOBAHUA C
? 0

CH
YUETOM IIMPHHBI peOOpIbl).
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Taxxe 6BIJ'Ia BBIBC/ICHA (I)YHKI_II/ISI HN3MCHCHUS IIara AJjisi BaJIKOB ¢ HCIIPCPBIBHO-MCHATOIIUMCSA
[IarOM M YBEJIMYMBAOIIEHCS IHUPUHON peOOpAbl MO Mepe 3alOJHEHHS KanuOpa Mo 3aKOHY MOIb-
emMa pedopabl:

0 3 20p
Jt=T _J- nb,, (1 x)+;c (R-x/3) e @
2 TR

W3roToBneHne BaJIKOB MO JaHHOH 3-D Mojenu ¢ MOCTOSHHOW MIMPHUHON pedOpIbl TPOU3BO-
JUIIOCHh Ha 5-KOOpJIMHATHOM oOpabateiBarolieM LeHTpe (puc. 5). B urore Obutn modydeHsl 1M0JIO-
KHUTEJbHBIC PE3yJIbTAThl MPOKATKH, a 3HAYUT NMPUMEHEHHSI METoja 00pabOTKH BAaJIKOB C MEpEMEH-
HBIMU TIapaMeTpaMH Ha MeTajuopexyiueM obopynaoanuu ¢ UITY. C yueToM nepcrekTHBBI HC-
MOJIb30BaHMS COBPEMEHHOTO O00OpY/IOBAHUS JJIsl M3TOTOBIICHUS IIAPONPOKATHBIX BAJIKOB, MOYKHO
3aaThCs TAKUM NIEPEMEHHBIM ITapaMeTPOM, KaK IIyOHHa BIaJUHBI.

Puc. 5. M3rorosieHne mapornpoKaTHEIX BAJIKOB
Ha 5-KOOpAMHATHOM 00pabaThIBAIOIIEM IICHTPE

Mopenab pacyera KaJuOPOBKH BAJKOB ¢ epeMeHHOH INIyOMHOH BIIaUHBI

B npemmaraemoii kamOpoBKe OCHOBHOW MEepEeMEHHOW Oy/IeT M3MEHEHHE TIIyOWHBI BIIUHBI
BUTKOB KanuOpa. C yd4eToM YCJIOBHS NMPOYHOCTH ObLIa 3ajaHa TOCTOSHHAS IMUPUHA PeOOpIIbI.
[Ipumensis u3BeCTHBIC TApaMETPhl, HAXOAUM U3MEHEHHE panyca oopasyrolieil mapa (puc. 6).
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Puc. 6. CeueHue 3aroToBKH BO BpEMs IIPOKATKH C er'IY6J'ICHI/IeM BIIaJWHBI

Jlnis nanHOM KanuOPOBKHU CIpaBeIIMBO YpaBHEHHUE:!

Vnan + Vman N Vnan+l B Vman+l

=0, 3)

rae V, a, = 00BeM yCeueHHOH MepeMBIuKH YCIOBHOTO Kanubpa, V), a, = 00BbEM YCEUEHHOrO Iapa
ycnoBHoro kanubpa, V, , | — 00BEM yCEUCHHOM MEPEMbIYKH B CIIEYIOIEM BUTKE YCIOBHOIO Ka-
n+

mbpa, V), @ 00BEM YCEYEHHOTO I1apa B CIEIYIOIIEM BUTKE YCIOBHOTO Kaluopa.
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IIpu moacTaHoBKe 3Ha4Y€HUN OOBEMOB MPOCTHIX (UIYpP, COCTABIAIOIIMX JAHHYIO CHUCTEMY,
[OJIy4YaeM:

2 3 3 2 Yon 2
nranboc + Z”Ran —Ton (Rocn _?) _n-roanba -

3 3 2 1y 1y
an+1 2 ony | _
. Ran+1 ~ Tan+1 (Ran+1 - )_ Ton (Ran - ) =0, 4)
4 3 3
rae 7, — paauyc NEPEMBIYKH YCIOBHOTO Kanubpa.
Tak kak ycI0BHO peOOpABI CBOIATCS IO COMMPUKOCHOBEHUS, TTOTYIHM:
2 3 3 3 3
ﬂranba +Z7Z'Ran —Z Ran+l —O. (5)
Taxum 006pa3oM, N3MEHEHUE TITyOHHbBI KAHABKH
AR=R, —R, =3%2p +R3 _R 6
—fa,,, T e, T Eran a on ~ “tan: (6)

Hcxons w3 TOro, 4To yBEIMYEHHE paJuyca KaHABKH MPOUCXOIUT PaBHOMEPHO BO BCEX
HarpapjeHusx, noaydum, uto AR = AT .
3agaB R = Ran ,rie R — paguyc 3arotoBku, momy4umM QyHKIUIO H3MEHEHHS IIara:

(7

Cnoco0bI M3roTOBJICHHS MIAPONPOKATHBIX BAJIKOB 10 MpeAiaraeMbIM KaJIuOpoBKaM

Nmes dynakun (1, 2), MOXKHO JIETKO ONMPEEINTh U3MEHEHHUE IIara Jyuisi KaTuOpOBOK ¢ Tiepe-
MEHHBIM I11aroM, MOIy4aeMbIX CLIOCOOOM pa3BajKd KalHOPOB. BOJBIIMHCTBO COBPEMEHHBIX TOKAp-
HBIX cTaHkoB ¢ YITY mMeroT He3aBUCHMYIO NOJady M, HAalKCaB MPOrpaMMy € 3afadeii HeoOXoau-
MO# (PYHKIIMM U3MEHEHHS 11ara, MOKHO TMOJYYUTh TpeOyeMblid mpoduiis. BEIOOp MOCTOSIHHOTO WIIH
NEPEMEHHOTO mara pedopapl, OyJeT 3aBUCETh OT JUaMeTpa MOJIyd4aeMoro Iiapa, MapKH CTalld, ee
IUTACTUYECKUX CBOMCTB U psfia IPYruX MapaMmeTpoB.

[Tonyuyenue kKanMOPOBKU C MEPEMEHHOM ITyOWHON BIIAJAWHBI MOKET OBITh 00ECTIIEYEHO TOIBKO
Ha 5-KOOPAMHATHBIX 00pabaThIBAIOLINX LIEHTPAX, IPHUEM B JaHHOM CIIy4ae MOSBIISAETCS PsIl yCIlo-
Buii. C y4eToM TOro, 4TO paJuyCc OJHOBPEMEHHO YBEJINYMBAECTCS BO BCEX HAIPABIICHUAX, HEOCTA-
TOYHO HMETh MPOJOJbHYI0 M IONEPEYHYIO Iojady, BKJIIOYas MEPEMEHHBIM IIar, HeoOX0IUMO
UMETb pa3ieT o0pabaTbiBaeMOro HHCTpyMeHTa. Kpome 3Toro, npojioibpHas mojava OyJaeT yBeIudn-
BaThCsl OJJHOBPEMEHHO € Pa3jIeTOM, YTO IPUBEAET K psAY MPOoOJIeM MpHU UCTIONIb30BaHUN 00padaThl-
BAIOIIETO IIEHTPA Ha OCHOBE TOKAPHOT'O CTaHKa, T.K. BPALICHUE CaMOro BaJIKa OyAeT He3HAYHTEb-
HO I10 CPABHEHUIO CO CKOPOCTBIO PE3aHUs.

YuuteiBas psaj IEHCTBYIOIIMX MPUYUH, ONPEILIIieM OCHOBHBIE CXEMBbl BOZMOXKHOM 00paboT-
KH, IPEJCTaBJIICHHBIC HA PHC. 7.

Ha puc. 7A u 7B, 06paboTka €T npy MOMOIIHN JICTY4Ero pe3la ¢ BbIIBUTAIOLIIUMHUCS PEXY-
VMU [UTACTHHAMH, TJI€ MPOLECCHl PE3aHus IIPOUCXOMAT 3a CYeT CKOPOCTH pe3anus [, a IoBOPOT

BaJIKa Ha 3aJ[aHHbIC YTJIbI 32 CYET OKpYxKHOU moxaun D, . YBenudenue paauyca oopadaTeiBaeMoit

KaHaBKU MPOUCXOAUT 34 CUCT BBIABUKCHHA PCKYIIUX IUIACTUH DZ . 3aKoH BBIIBUIKCHUA ONPCIAC-

asiercst popmyont (7).
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Ji ]

Puc. 7. Tlpennonaraempie TEXHOJIOTUH 00paOOTKH TTPOPHIIS

[Io »TOMy e 3akoHy OyJIeT MpPOUCXOJUTh HW3MEHEHHE IIara MpOAOIbHON MoAaun

D, =1, +At,. Pazauna mexnay npoueccaMu A U B 3aKit04aeTcs TOJIBKO B HATIPaBICHUH MPO-

JIOJIbHOH TMOAAYM, U ONpeNeNsIeTcsl BO3MOXKHOCTSMU CTaHKa, HO B 000MX cilydasx oOpaboTka BO3-
MOYKHA JJISl BaJIKOB, MCIIOJIB3YEMBIX JJIS MPOKATKU mIapoB Oosbiioro nuamerpa (6omee 100 mwm).
JlaHHOE OrpaHnYeHNe ONpEeNseTCs BEIMUUHON BbUIETA pe3lia.

OO6paboTKy BaJIKOB, HCIIOJIB3YEMBIX Ul MPOKATKH 1IapoB auamerpoMm menee 100 mm, npen-
JaraeTcsl UCIoJib30oBaTh (hpesepHyto royoBky (puc.7C u 7D). B nanHOM citydae, MOXeT OBITh HC-
NOJIb30BaHa KyKypy3Has (acoHHas ¢ppe3a u3 OBICTPOPEKYILEH CTalu U IpU TaKoi 00paboTke Kpo-
M€ BBICOKON IPOM3BOIUTEIBLHOCTH TaKK€ BO3MOXKHO MOJIYUYUTh BEICOKOE KaueCTBO MOBEPXHOCTU. B
cxeMe 00paboTku Ha puc. 7C OCHOBHOM mpoOsieMoi OyAeT sSBIATbCS HAMCAHUE MPOTPAMMBI IS

NponoIbHOM mofaun ¢pessl D, T.K. IBrmKeHHE (pe3sl Ipu 06paboTKe OyAeT IOBTOPATH BO3BpPAT-

HO-Ka4YaTCJIbHOC ABHUXKCHUC IO AYIC, IIPU 3TOM C KaXbIM CJICAYIOINIUM IIaroM paamyc OAyru 6yneT
YBEJIMYMBATHCS Ha BETUUUHY 71 , onpeaesiemMyto Gopmyioii (7). B TakoM mporecce moBOpoOT BaJika
Ha yron « OyJeT NMpOU3BOJUTHCS JUCKPETHO JUIA 00ECHEUCHUS COBEPIICHHUS ITOJTHOTO BO3BPATHO-
Ka4yaTeJIbHOTO ABMKEHUs (pe3bl MO 3aaHHON mporpamme. /s 1aHHOro MeToJja He0OX0IUMO pac-
CUMTBIBATh KOOPAMHATHI MHCTPYMEHTA, /Ul Ka)KIOro MOBOPOTA HA YToJl « , IPUMEHSST (PYHKLHUIO
OYTH U (QYHKLHIO U3MEHEHUs Ayru. [Ipy yMEeHbIIEHUN CTENEHH JUCKPETHOCTH OKPY’KHOM Iojadu
BaJIKa HA MOBEPXHOCTH KaHABOK OyJIeT BO3ZHUKATh XapaKTEPHBIN CTYNEHYAThIil pUCYHOK, IIATr KOTO-
poro OyJeT yBeIU4MBaThCS, a IPU YBEIMUEHUH CTEIEHU JAUCKPETHOCTU MOXKET NMPHUBECTHU K Iepe-
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rpy3ke. JlaHHBIN pUCYHOK BBITJIQXKHBAETCSI [1OCJIE NIEPBBIX OOKATOK HAa CTaHE U HE CKa3bIBAaeTCs Ha
KayeCTBE MPOKATHIBAEMBIX IIAPOB.

B ciydae, nokazanHoM Ha puc. 7D, mporpamma OyneT uMeTh 00jiee IpOCTON KOJI, T.K. TIepe-
MeIIeHHe MHCTPYMEHTa MO0 NPOJOoNbHOH mogade [ OyneT mpoucxonuTh, Kak M B CIydae, MOKa-

3aHHOM Ha puc. 7A, mo dyukuun (7), ¢ marom D, =1 . + At

och o » HO IIpA 3TOM C BO3BpPaTHO-

TNOCTYTIATENbHBIMU JIBH)KCHUAMH, PAaBHBIMK Benmmdanne Af,, s 00ecriedeHus 0CeBO pa3BalKy

kanuOpa. PaguanbpHoe yBennueHue rryOrHBI Bpe3a OyJIeT MPOUCXOIUTh 32 CUET KauCHHsI BaKa 110
OCH ), YTO TO3BOJHUT OOECIEUUTh HCIOIB30BAHHE CPEPUYECKOTO IMaTpOHA CO CMEIIAoIeHCs

ocbto. PaBHOMEPHOCTh pa3Bajiku B 3TOM ciydae OyJeT obecriedyeHa reoMeTpuell MHCTPYMEHTa, a
yroJl HakJIoHa OyJIeT 3aBUCETh OT YCTAaHOBOYHBIX Pa3MEpOB U MU3MEHATHCA Takke 1o GyHKuu (7).
B sTOM Cilyuyae BO3MOXKHO HCIONIB30BaTh OOJiee BBICOKYIO CTENEeHb AUCKpeTHocTd [, , HO mpH
3TOM HCIMOJIb30BAHUE TAKOT'O METOAA OIPaHMYEHO BO3MOXHOCTBIO MCIIOJIb3YEeMOIro 000py1OBaHHUs
Uit 00pabOTKH KPYITHOTA0APUTHBIX JIeTajleid, aHaJIOTOB KOTOPOTO, B HACTOSIIIIUKA MOMEHT, HE CyIIe-

CTBYET.
BrIiBOABI

1. IToxazaHO IpPEeUMYIECTBO UCIOJIb30BaHusA cTaHKoB ¢ UIIY g npon3BoacTBa BaJIKOB IlIa-
POTIPOKATHBIX CTAHOB.

2. IlpennoxeHa KanuOpOBKa ¢ MEPEeMEHHOM IITyOMHOM BIIAJAMHBI U BbIBEZCHA (DYHKIMS U3Me-
HEHUS 111ara oT pajuyca ycIoBHOro KanuoOpa (ri1yOuHbl BUHTOBOW BIaJuHbI Bajka) (7).

3. Tloka3zaHbl cIOCOOBI M3TOTOBJIEHUS! BAJIKOB C MEPEMEHHOM ITyOMHOM BIAJAMHBI, KOTOpBIE
MO3BOJIAT MOJIYYUTh BHICOKYIO TOUHOCTh F€OMETPUUECKHUX Pa3MEPOB 11apa U paBHOMEPHOCTh 00Ka-
THS 110 SKBATOPY U HOJTIOCAM.
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PRODUCTION OF BALL-ROLLING ROLLS WITH
A VARIABLE DEPTH OF CHANNEL

Abstract. The currently existing methods of production ball-rolling rolls, taking into account

the capabilities of metal-cutting equipment presented. The prospects development of methods for
roll-pass design ball-rolling rolls with the possibility of obtaining any form parts of complexity on
the projected 3-D models on 4 or 5-axis machining centers have been determined. Developed the
model for calculating ball-rolling rolls with variable depth of channel. Ways to production ball-
rolling rolls with roll pass designs for obtain a high accuracy degree of the resulting ball, including
geometry quality, uniformity of compression between equators and poles are presented.

Keywords: ball-rolling roll, variable depth of channel, 5-axis machining centers, longitudinal

feed, circular feed.
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B.I'.Jamnuinon, A.U.Bunorpanos, E.B.Aranos, M.A.I'o;i0BaHOB
®I'BOY BO «Yepenosenkuii rocy 1apCTBEHHBIN YHUBEPCUTET»

PA3PABOTKA 3®®EKTUBHON TEXHOJIOT M BOJOYEHMA JIJISI TOJTYYEHUA
IMPOBOJIOKH C YIIYYIIEHHBIMN MEXAHNYECKUMU XAPAKTEPUCTUKAMU

AHHomauu}z. B cmamoe npueodﬂmc;l pes3yiomanmbsvl NPOMbIULIEHHbLX UCNBIMAHULL HOBOL meX-
HoJlocuu ¢ npumMeHeHuem 60JI0K, UMeroujux 0eqbop/vzupyiou;ue eblcnynol. P€3lebman’lbl nokasaiu,
YUMo OAHHASI MEXHOI02USL NO36015em CYWeCmeeHHO CHU3UNMb HAKjlen nposojloOKU u sampadusaemyro
HA 60J104eHue MOulHOCm».

Kniouesvie crosa: HaKjen, 60J104€eHue, CRuMcCenue ycuiui u MOwWHoCmu.

Bosiouenne NmpoBOJIOKH SIBISETCS XOJOMHBIM CHOCOOOM JeopManvy METauIOB W CyIIe-
CTBEHHO IOBBIIIAET €€ MPOYHOCTHBIE XaPAKTEPUCTUKU. DTO MPUBOIUT K HEOOXOAMMOCTH MPOBEIE-
HUSI CMATYAIONIeH TepMOOOPAaOOTKH |, KaK CIEICTBHE, 3HAUUTEIHHOMY POCTY SHEpro3arpar Ha ee
HPOM3BOJICTBO.

Obecnieuenne 60NpIIMX 00KATHH, CHIKECHHE YCWIJIMS BOJOYEHHUS W TOTPEOIsIEMON BOJIO-
YUJIBHBIM CTAHOM MOIITHOCTH SIBJISI€TCS LIENIbIO CO3/1aHus 3(p(PEeKTUBHOM TEXHOIOTHH.

[Tporecc BosoueHMs XapaKTEPU3YETCsl YIIPOUHEHUEM, MPEXkKIE BCEro MOBEPXHOCTHBIX CIIOEB
MeTajula. YMEHBIICHHE HaKjena MOBEPXHOCTU IPOBOJIOKH, 0ojiee paBHOMEPHOE paclpeiesieHue
YIPOYHEHHS TI0 TIONIEPEYHOMY CEUEHHIO MO3BOJIMIO ObI CHU3UTh CyMMapHOE YIPOYHEHHE, YMEHb-
IIATh YAaCTOTY UCIOJIb30BaHUS IPOMEKYTOUYHON TEPMOOOPAOOTKH.

Bonoka, mpeacraBieHHas Ha puc. 1, ynydmaer nedopmanmoHHbBIE YCIOBUS B BOjoke [1].
BrinonHeHHbIe B BU€ BUHTOBBIX JIMHUN Je(QOPMUPYIOLIME BBICTYNBI B pabodyeM KOHYce BOJOKU
00eCTIeYynBarOT CaMOBPAIIICHHE BOJIOKU 0€3 JOMOIHUTEIBHOTO MPUBOAA. DTO CIOCOOCTBYET WHTEH-
CHUBHOMH Mojiaye cMa3Ky B 30HY jAedopMaiiy u 0ojiee paBHOMEPHOMY pacHpeiesIeHHIO 110 e JAJIHHE.

Puc. 1. Bpamaromasics Boyioka: 1 — moamunHuk; 2 — o6oiimMa; 3 — Boioka

Kak u3BecTHO Bpalaromascs BoJIOKa Jyyllle 3aXBaThIBaeT CMa3Ky padoueil MOBEPXHOCThIO U
o0ecreunBaeT MEHBIITYIO OBAJIBHOCTh TOTOBOM MTPOBOJIOKH [2].

JononuurensHas aegopMaiusi MOBEPXHOCTHBIX CJIOEB MPOBOJIOKU HNPUBOAUT K CHHKEHMIO
HEPaBHOMEPHOCTH BHYTPEHHUX HANpPSKEHUHN B METaJlIe [0 CEUEHUIO U CHUYKAET yPOBEHb OCTATOU-
HBIX HAPSKEHUH B IPOBOJIOKE, YTO MPUBOAUT K YMEHBIIEHUIO HAKJIENA.

JI1st npoBepKM AAHHBIX MOJIOKEHUH ObUT MPOBEIEH MPOMBIIIJICHHBIN SKCIIEPUMEHT 7S TIOJTY-
YEeHHUs IPOBOJIOKH JUAMETPOM 2,97 MM U3 3aTOTOBKU AUAMETPOM 5,5 MM.

basoBast TexHosorus nosy4deHust npoBosioku u3 craau CBO§ ¢ mpuMeHeHneM cTaHAapTHBIX
BOJIOK C IJIaJIKMM pabOuyuM KOHYCOM BKIIIOUYasa YEThIpe TEXHOJIOTHYECKUX NEpPexXo1a U OCHOBHBIE €€
napaMmeTpsl IpecTaBiIeHbl B Ta0m. 1.
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Tabmuma 1
OcHOBHBIE TEXHOJIOTUYECKUE TTapaMeTpbl 0a30BOM TEXHOJIOTUU
Tapamerp, e1. u3m MapuipyT BOJIOYEHUS, MM
> ' 5,50 04,70 3,97 03,50 02,97

O6xarus, % 27 28,7 24.5 25,9
[Ipenen npounoctu, MIla 380 504 583 659 750
CKOpOCTh BOJIOYEHHSI, M/C 4.2 4.2 5,6 7,5
[ToTpebnsiemast MOITHOCTH, KBT 14,3 19,1 18,2 22,3

HoBas TexHOIIOTHS BKJIIOYaja BOJOYECHUE C (PHIbEpaMHu, HMEIONIMMHA JIe(QOPMUPYIOLIHE BbI-

ctynsl. [Ipyyem HampaBieHrne BUHTOBOM JIMHMM BBICTYIIOB Yy IMOCJIEIOBATEIbHBIX BOJOK YepeaoBa-
JIOCh JUISl CHYDKEHUsS yrnpouHsromero 3ddekra. TexHomornyeckue mapaMeTpbl 3TOW TEXHOIOTHH
npecTaBiIeHbI B Ta0M. 2.

Tabmuia 2

OcHOBHBIE TEXHOJIOTUYECKUE TTapaMeTPbl HOBOM TEXHOJIOTHUU

Tapaverp, €1, u3m MapuipyT BOJIOYEHUS, MM
> ' ”5,50 04,30 3,50 02,97

O6xarus, % 38,8 33,7 25,9
[Ipenen npounoctu, MIla 380 410 470 502
CKOpOCTh BOJIOYEHHSI, M/C 472 5,6 7.5
[ToTpebnsiemast MOIITHOCTH, KBT 14,3 16,2 18,5

Kax BugHO 13 Tabn. 1 u 2, mpoBoioka B TOTOBOM pa3Mepe, MOJydeHHasi 0 HOBOM TEXHOJIO-
TUHM, UMEET CYIIECTBEHHO MEHBIIUN Mpeesl MPOYHOCTH, YTO YMEHBIIAET KOJHMYECTBO MPOMEXKY-
TOYHBIX TepM006pa6OTOK npu I[aJ'II)HeI\/'IHIeM BOJIOYCHHH, 4 IPUMCHCHHUEC BOJIOK C BUHTOBBIMH [1C-
(bopMUPYIOIIMMHU BBICTYIAMH MTO3BOJISET BECTU BOJIOYEHHE C OOIBIIMMU CYMMAapHBIMU 00KATHSIMHU.

Kpome Toro Mo’xHO OTMETUTH CYIIECTBEHHOE CHUKEHHUE MOTPEOIIeMON MOIITHOCTH Ha BOJIO-
YeHHe. JTO BBI3BAHO YIYUIIEHHBIMH yCIOBUSIMU TPEHHUS B Je(OPMAIMOHHON 30HE M YaCTHYHOU
KOMITCHCaIuen 1e(opMaimoHHBIX HAPSHKSHUH TIPY pa3HOHAIIPABICHHOM BpPAIIEHUH BOJIOK.

JononaurenbHbIM 3PHEKTOM OT HCIOIb30BAHMS TAHHBIX BOJOK SIBIISIETCS CHUKCHHE OBAJlb-
HOCTH T'OTOBO IMPOBOJIOKH 3a CUCT UX BpPalLlICHHA.
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DEVELOPMENT OF AN EFFECTIVE DRAWING TECHNOLOGY
FOR PRODUCING WIRES WITH IMPROVED MECHANICAL CHARACTERISTICS

Abstract. The article presents the results of industrial testing of new technology with the use
of die with deforming protrusions. The results showed that this technology can significantly reduce
the number of hardening of the wire and the power spent on drawing.

Keywords: cold-hardening, drawing, reduction of effort and power.
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