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Abstract. Problem Statement (Relevance): An urgent task of rolling mill operators includes minimizing the cost of
manufactured products while ensuring the required quality. To accomplish the task, measures are being taken to opti-
mize the rolling process aimed at increasing the duration of the rolling campaigns and reducing the number of roll re-
grinds. The performance of the rolls is influenced by the properties of the working layer material which determine wear
resistance, formation and development of fire cracks, as well as resistance to metal sticking. Finishing mill rolls dictate
the surface quality of the rolled steel. That is why it is important to make timely regrinds in order to completely remove
the fire crack layer. The removal depth and the acceptable duration of the campaigns depend on the properties of the roll
working layer material. To improve the properties of the rolls, the roll manufacturers need the actual roll operation data
to be able to analyze how the chemical composition and the structure of the roll working layer is related to the roll per-
formance. Such analysis will help improve the structure and properties of the materials used, as well as develop new
ones. Objectives: The objective of this research is to understand how the chemical composition of the working layer of
indefinite chilled cast iron rolls used in finishing mills dictates the roll performance, to evaluate the effect of each chem-
ical element, and to determine what concentrations of the chemical elements could most effectively benefit the perfor-
mance of indefinite chilled cast iron rolls. Methods Applied: The methods applied include building a database of the
finishing mill indefinite chilled cast iron rolls and using artificial neural networks based on a dual-function algorithm.
Originality: The authors built a neuromodel which can help understand the effect of the chemical composition of the
roll working layer and predict the performance of indefinite chilled cast iron rolls. The authors studied the effect of car-
bon, silicon, manganese, chromium, nickel, molybdenum, vanadium, niobium and boron on the performance of indefi-
nite chilled cast iron rolls. Findings: Graphic diagrams were built which demonstrate the effect of each chemical ele-
ment on the performance of indefinite chilled cast iron rolls at constant concentrations of the remaining elements. The
authors looked at the relationship between the chemical elements and the roll performance in terms of the impact of the
former on the structure of indefinite chilled cast iron rolls. The effective concentrations of the chemical elements were
also determined. Practical Relevance: The authors developed a new chemical composition of indefinite chilled cast
iron to be used for the working layer of finishing mill rolls. As a result, a 12—14% increase in the roll performance was
achieved.
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der to increase productivity.

Introduction To assess the alloying efficiency of rolls work-

In modern conditions of rolling production, the
efficiency of using mill rolls is estimated by the ra-
tio of quality and roll prices. At rolling sites produc-
ing plate metal, performance records are being held
in time per roll in tons or kilometers of rolled metal,
in tons of rolled metal per 1 mm of working layer
removal, in tons of rolled metal per installation.
Comparing different manufacturers roll performanc-
es, and comparing the prices of the rolls, the distrib-
utors make up the rating of suppliers and determine
the volume of orders. In a competitive environment,
the manufacturers' task is to ensure high perfor-
mance characteristics of the mill rolls at minimal
cost. This will increase the duration of the cam-
paigns and more efficiently use rolling rolls. One of
the ways to solve this problem is to optimize the
chemical composition of rolls working layer in or-
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ing layer, it is advisable to research the effect of
each chemical element separately, at constant con-
centrations of the remaining elements. This will al-
low you to determine the rational concentration of
chemical elements that will increase the productivity
of rolling rolls.

Main Part

In order to study the influence of working layer
chemical composition of centrifugal casted finishing
stands indefinite rolls on productivity, neural network
processing of a database of 85 rolls with a barrel
diameter of 820 mm was performed. The content of
chemical elements in the working layer of the rolls
varies within the following limits: 3,05+3,45% C,
0,90+1,18% Si, 0,80+1,00% Mn, 0,007+0,028% S,
1,70+2,15% Cr, 4,05+4,60% Ni, 0,30+0,43% Mo,
0,02+0,31% V, 0,01+1,13% Nb, 0,002+0,090% B.
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The resulting neuromodel allows us to predict
the performance of the rolls in tons of rolled steel
with a relative error of up to 10%. The influence of
each element was researched at constant
concentrations of the remaining elements and
constant values of casting technological parameters.
The following chemical composition was used as
the base: C=3,36%, Si=1,18%, Mn=0,80%,
S$=0,07%, Cr=1,82%, Ni=4,23%, Mo=0,30%,
V=0,31%, Nb=0,65%, B=0,002%.

Picture 1 shows the effect of carbon in the
working layer on the productivity of indefinite rolls.

With an increase in carbon content to 3,20%, the
productivity increases from 232,000 tons to 242,400
tons (by 4,5%), then decreases. In the indefinite cast
iron of the studied composition, carbon increases the
amount of cementite and special carbides of type
MC, contributing to an increase in the productivity
of the rolls due to an increase in wear resistance of
the working layer. A further increase in carbon
content leads to the enlargement of cementite
inclusions, which increases their tendency to
chipping out of the matrix.
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Pic. 1. The influence of carbon working layer
on the indefinite rolls performance

Silicon with its content of more than 1,00%
increases the productivity of the rolls by 5,0%
(pic. 2). Silicon reduces the iron's tendency to
oxidation and increases the resistance to wear [1, 2],
which has a positive effect on the performance of
indefinite rolls. In [3] it is shown that, despite the
graphitizing effect of silicon and a decrease in the
amount of cementite, it promotes an increase in the
amount of martensite in the matrix, slightly
increasing the hardness at a content up to 1,20% Si.
Reducing the amount of cementite leads to a
decrease in chipping of inclusions of cementite from
the matrix, and, consequently, to a decrease in wear.

Manganese, with an increase in its content to
0,95%, increases productivity by 2,4% (pic. 3).
Alloying cementite and increasing the proportion of
martensite, manganese contributes to an increase in

wear resistance, but because of its austenitizing
effect, it is necessary to limit its content to 1,00% [3].
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Pic. 2. The influence of silicon working layer
on the indefinite rolls performance
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Pic. 3. The effect of manganese working layer
on the indefinite rolls performance

Increasing the chromium content to 1,90% also
increases the productivity of the rolls by 4,1%
(pic. 4). As a strong carbide forming element,
chromium increases the amount of carbides
(Fe,Cr);C, increasing the wear resistance of
indefinite cast iron. A further increase in the
chromium content leads to an increase in the share
of ledeburite, and, as a consequence, to a more
intensive development of microcracks during the
operation of the rolls [3].

Nickel in the studied interval has a weak effect
on productivity, and, given the high cost of nickel, it
does not make sense to increase its content by more
than 4,30%. Molybdenum in the entire researched
interval contributes to an increase in the productivi-
ty of the rolls by 1,2% (pic. 5). Molybdenum has a
beneficial effect on the indefinite cast iron matrix,
increasing its dispersion, strength at high tempera-
ture, resistance to thermal cyclic loads and wear [4].
However, the economic feasibility of increasing its
content above 0,40% should be evaluated.

Vanadium increases rolls productivity of the
studied composition by 2,3% (pic. 6). It increases
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the dispersion of the dendritic structure, forms
highly solid fine VC carbides, and increases strength
and wear resistance [4].
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Pic. 4. The effect of chromium working layer
on the indefinite rolls perfor-mance
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Pic. 5. The effect of molybdenum working layer
on the indefinite rolls perfor-mance
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Pic. 6. The effect of vanadium working layer
on the indefinite rolls perform-ance

Pic. 7 shows the effect of niobium on the per-
formance of indefinite iron with different boron con-
tents. Just like vanadium, it forms highly solid fine
MC carbides, which have a high fracture resistance
due to the compact form of the inclusions and close
lattice parameters of the carbides and the matrix [5].
However, its effect amplifies with increasing boron

content: at B=0,002%, niobium increases rolls
productivity of the studied composition by 1,6%, at
B=0,050%, its efficiency increases — productivity
also increases by 2,0+2,9%, and at B=0,090% — by
3,9+5,0%. This is due to the fact that boron forms
iron boride and boron carbides, which additionally
increase wear resistance [6, 7]. In the indefinite iron
of the studied composition, boron increases the
productivity of the rolls up to 5,0% (pic. 8). Howev-
er, it should be taken into account that the abun-
dance-boron content contributes to an increase in the
share of ledeburite and to an increase in the brittle-
ness of cast iron [8].

252000
250000
245000 T
& 246000
H [ I I
T 244000
1 L
E
g 2000
g
240000 —
238000 S —
236000 ——
234000 =

|—=B=0,002 % —+—B=0,050 % —+B=0,090 %
Pic.7. The effect of niobium of the working layer
on the indefinite rolls perfor-mance
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Pic. 8. The influence of boron working layer
on the indefinite rolls performance

Conclusion

The conducted studies allow us to determine the
rational composition of indefinite cast iron in order
to increase the productivity of rolling rolls during
finishing rolling.

The carbon content should be in the range of
3,15+3,25%. This content is sufficient for the for-
mation of special carbides MC, and at the same time
will not lead to the consolidation of cementite inclu-
sions.

Silicon in researched limits improves the per-
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formance of indefinite rolls, but it is necessary to
take into account the graphite-forming effect of sili-
con [3]. Therefore, it is advisable to limit the silicon
content within 1,05+1,15%.

To improve rolls performance, the manganese
content interval of 0,90+1,00% is rational.

Compared with the studies of chromium effect
on the structure presented in Pic [3], in this work,
the researched range of chromium content is extend-
ed to 2,15%, within the optimum performance of the
rolls is revealed. Research results have shown that
to increase rolls productivity, chromium content
should be in the range of 1,90+1,95%.

Considering insignificant effect of molybdenum
on increasing of rolls productivity at its high cost, it
is advisable to limit it within 0,30+-0,35%.

Vanadium, forming fine VC special carbides,
has a beneficial effect on the wear resistance of in-
definite cast iron. The recommended vanadium
content is 0,25+0,30%

Niobium, like vanadium, forms fine special NbC
carbides, which increase wear resistance. However,
its reasonable concentration depends on the boron
content: in the absence of boron, the rational range
of alloying with niobium is 0,60+0,70%, and when
alloying of cast iron is 0,050+0,090% B, the rational
niobium content is higher — 0,80+0,90%.

Boron has a significant positive effect on rolls
productivity in the researched range of its content.
The linear character of boron effect (pic. 8) allows
you to select the maximum concentration of boron
in this interval — 0,080+0,090%.

According to the results of research carried out
in this work, a new chemical composition of indefi-
nite cast iron was developed for the rolling rolls
working layer of plate mills finishing stands. During
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the operation of new rolls experimental batches, it
was established that their productivity is 12-14%
higher than the performance of the used rolls.
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HUHDPOPMALUA O CTATBE HA PYCCKOM
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BNUAHUE XUMUYECKOIO COCTABA HA MPOU3BOAUTENIBHOCTb LIEHTPOBEXHO-
NUTBIX UHOE®UHUTHBIX NPOKATHbIX BAIIKOB

I'mmanerounoB P.X., I'ynmakoB A.A., TyxBarynaun 1.X.

3A0 «K3IIB», KymBa, Poccust

Annomayus. TlocTaHoBKa 3a1a4M (AKTYaJIbHOCTH pa-
00ThI). AKTyanbHOH 3a/iaueit JUIs POKATUYUKOB SIBIISETCS
MHMHHMU3ALMA 3aTPaT Ha BBIIYCKAEM YO IIPOAYKLHUIO IPU
ycnoBun obecrieueHns TpeOyemoro kauectBa. Jlmsa ee
PCIICHHST OCYIIECTBIAIOTCS MEPOIPUATHS 110 yCOBEp-

LICHCTBOBAHUIO TEXHOJIOIMYECKOro mpouecca MmpoKaTKu,
HanpapJIeHHbIC HA YBeIMUYEHHE JUIUTENbHOCTU KaMIIaHUi
U yMEHbILICHUE KOJIMYECTBA IepeTodek Baikos. Ha mpo-
HU3BOAUTEIBHOCTE TIPOKATHBIX BAJIKOB BIIHUSAIOT CBOMCTBa
Mateprana pabodero Cios BaJIKOB, ONpPENENSIONIHE CO-
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MPOTUBJICHHE U3HOCY, OOPA30BaHMIO U PA3BUTHIO CETKU
pasrapa, yCTOM4MBOCTb K HalumnaHuio Merauia. Jlucro-
TIPOKATHBIC BAJIKA YHUCTOBBIX Kieren OIPENCIIAOT Ka4de-
CTBO IIOBEPXHOCTH JIMCTOBOI'O IPOKATa, OITOMY Ba)KHO
CBOCBPEMEHHO MPOU3BOAUTH IIEPETOYKU I IOJIHOTO
YIaJleHHs CIOsI C CeTKOH pasrapa. I'myOuHa cheMa M IpH-
emiieMasl JUIMTEIbHOCTh KaMIIAaHUH 3aBUCSAT OT CBOMCTB
Marepuana pabodero ciost BankoB. JUs ymydmIeHHs
CBOWCTB TIPOKATHBIX BAJIKOB H3TOTOBUTCIISIM BAJIKOB
Ba)KHO MMeTh MH(MOPMALMIO O Pe3ylbTaTax dKCIUIyaTa-
LMHA BAJIKOB B CTaHaXxX, IO3BOJIAIOLIYIO IIPOBECTU aHAJIU3
BIIMSIHHSL XMMUYECKOTO COCTaBa M CTPYKTYpBI pabouero
CJIOs1 BAJIKOB HAa HUX MPOU3BOAUTEIIBHOCTD. Hposeﬂeﬁue
TAKOT'0 aHaJIn3a MO3BOJIUT YIYYIIUTH CTPYKTYPY H CBOIi-
CTBa NPUMEHACMBIX MAaTEPHAlOB U Pa3pabOTaTh HOBBIC.
Heap paGorbl. MccnenoBaHne BIMSHUS XUMHYECKOIO
cocraBa pabodyero cia0s MHASHUHUTHBIX JIUCTONPOKAT-
HBIX BAJIKOB YHCTOBBIX KJIETEH HAa MPOHU3BOAUTENHHOCTH
(HapaboTKy) BaJKOB, OLEHKA 3(P(HEKTUBHOCTH BIMSHUS
Ka)XXI0Tr0 XUMHUYCCKOT0 DJIEMEHTA U ONPEALCIICHUE HHTEP-
BAJIOB COZICPKAHMS XUMHYECKUX 3IIEMEHTOB, HamOolnee
9 (HEKTUBHO MOBBILIAIOMINX [IPOM3BOAUTENBLHOCTD HHJIE-
(UHUTHBIX JIMCTONPOKATHBIX BaikoB. Mcmosb3yemble
metoabl. Co3nanne 6a3bl TaHHBIX 10 HapaboTKe HHJe-
d)MHl/lTHle JIACTOIPOKATHBIX BAaJIKOB YHUCTOBBIX KJ'leTeﬁ,

MCKYCCTBEHHBIC HEHPOHHbIC CETH HAa OCHOBE AJIFOPUTMA
nBoiictBeHHoro (yHkiponuposanus. Housua. Ilomy-
YCHa Hef/’[pOMO}ICJTL, TIO3BOJIAIOIIAST HW3Y4YUTH BIIUSAHHC
XUMHYECKOT0 COCTaBa pabodero clos U MPOrHO3MPOBATh
MPOM3BOIUTENBLHOCTh HHACPUHUTHBIX BaikoB. Vcciemo-
BAaHO BJIMAHHUC YTIIEpOJa, KpEMHH:A, Maprahnia, Xpoma,
HUKeJIs, MOJIMO IeHa, BaHaus, HHOOUS U 6opa Ha HPOU3-
BOJOUTCIIBHOCTH HHHC('I)HHHTHLIX BAJIKOB. Pe3yﬂbTaTbl.
nOCTpOCHBI r‘pacl)w{ecm/le JAuarpaMMbl BIIMSTHHAST KQXKI0TO
XUMHYECKOTO 3JIEMEHTa Ha HPOU3BOAUTENHFHOCTh HHJIC-
dJI/IHI/ITHbIX BAJIKOB IPUA IIOCTOSIHHBIX KOHLECHTPALUAX
OCTaJIbHBIX JJIEMCHTOB. PaCCMOT‘pCHO BJIMSIHUE XHUMHYC-
CKHUX 3JICMEHTOB Ha HPOM3BOAUTEIBHOCTD C TOYKH 3PCHUS
BO3JCHCTBHSA MX HA CTPYKTYPY MHAC)MHHTHOrO UyryHa.
Onpenenebl 3 GEKTHBHBIC HHTEPBAIBI COACPIKAHUS XH-
MHYECKHX 3IeMeHTOoB. IIpakTHyeckasi 3HAYMMOCTh. Pas-
paboTaH HOBBI XUMHYECKHI COCTAaB HHIEHUHUTHOTO Uy-
TyHa Ons pa60qero CJIOST TIPOKATHBIX BAJIKOB YHCTOBBIX
KJIeTeH JIUCTONPOKATHBIX CTAHOB, JOCTUTHYTO MOBBILICHUE
TIPOU3BOJUTEILHOCTH BAIKOB Ha 12—14%.

Kniouesvie cnoga: mpoxaTHble BaNlKd, WHAC)HHUTHBIH
YYryH, XUMHYECKHH COCTaB, BJIMSHHE, TPOM3BOIUTEIb-
HOCTb, H3HOCOCTOHKOCT.
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