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DETERMINING SHIFT RESISTANCE OF METAL CONSIDERING TEMPERATURE-
AND-RATE CONDITIONS OF COLD ROLLING

In the paper it has been analyzed the mathematical models of double shear resistance of
metal at cold thin sheet rolling. On the basis of the analysis there has been shown that it is rea-
sonable to account the impact of temperature-rate conditions of strain in the presented models.
The improved by the authors a numeric mathematical model allows specifying the calculation
of doubled shear resistance of metal considering temperature and rate of cold thin sheet roll-
ing as well as real character of distributions along the deformation zone of its dimensional pa-
rameters and indicators of external contact friction.
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The problem and its connection with
scientific and practical tasks.

New techniques for cold rolled bars pro-
duction supplying the operation of automated
control systems in technological process
prove the need of increasing the accuracy of
applied mathematical models.

In particular, the accurate determination of
the calculated values of double shear resis-
tance of deformable metal significantly af-
fects the prediction accuracy of power pa-
rameters of rolling [1].

Author [2] believes that the definition of
computed values of yield stress o7 and hence

double shear resistance 2K of the metal should
be implemented only as a function of compres-
sion exponent of rolled strips. In [3, 4] it is
shown that neglecting the influence of tempera-
ture-rate deformation conditions leads to sub-
stantial errors in the calculation of quantities
and values orand 2K . To determine the yield

stress and double shear resistance for bars de-
pending on the rate of cold rolling B. Roberts
[5] developed a mathematical model that does
not consider the effect of the strain temperature.
More capable method of computation is pro-
posed by A.P. Grudev and Y.B. Sigalov and is
described in [6]. However, this method does not
take into account the effect of the preliminary
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deformation of the rolled metal. Mathematical
model the authors [4] does not have these short-
comings. Herewith, applied numerical approach
to the computation of normal contact stresses
defining the strip temperature, has a number of
assumptions, the most important of which are
the constancy of the friction coefficient along
the length of the strained zone, the application
of the friction law of Coulomb-Amonton and
idealization of the actual shape of the contact
surface of the work rolls. Mathematical model
[7] excludes the adoption of these assumptions,
and so it is interesting to update on its basis the
method [4] of quantify assessment of local and
integral quantities and values o7 and 2K .

Setting the problem.

Refinement of mathematical model for
calculation of doubled shift resistance of
metal considering temperature-and-rate con-
ditions of cold rolling is an aim of the paper.

Presentation of the material and its results.

To determine the contact stresses they used
mathematical model [7]. Deformation zone
(fig. 1, a), consisting of zones of plastic form-
ing length L, and elastic recovery length

broke into augment Ax to form a finite set of

n-number i-th elementary volumes (fig. 1,b),
which position of the boundary sections (sec-
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tion ae and cd in fig. 1, b) was defined by co-
ordinates x;; and x;, Heights 4, .

For calculation of contact stress a mathe-
matical model has been used [7]. Deformation
zone (fig. 1, a), which consists of plastic
forming areas L, and elastic recovery L,

was broken with Axaugment into a finite set

of n i-th elementary volumes (fig. 1, 0),
which location of boundary sections (sections
ae and cd at fig. 1, 6) has been determined by
xjand x;p coordinates. Heights h,, andh,, of
these sections were calculated basing the ap-
proach of I.Ya.Shtaerman [8], and rates
Vi and vy, (fig. 1, 6) of metal particles mo-
tion were on the basis of sliding hypothesis
[1]. Herewith a plastic forming area (fig. 1, a)

has been divided into delay zone Z;,.and out-
running zone, which length L,; and depth
h, of a bar in neutral section they determine
considering of back
frontal o, tension, radial rate of rolls V,., as

stress o, and
well as rolling depth before #,and after
mpassing. To calculate contact shear stress
t,; and 7., (fig. 1, 6) one have used A.N.

Levanov’s principle, and to calculate normal
contact (p,jandp,,) and normal axial

(oypand oy, ) stress they used principles of
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Doubled shear resistance of metal consid-
ering temperature-rate influence the condi-
tions of thin sheet cold rolling has been de-
termined as follows [3,4]:

(D

where 2K ;o — current value of double

2K pxi2 =2K g2 - kexi2 kuxi2s

shear metal resistance index, determined con-
sidering strengthening effect;

keia »kyio— current values of indexes con-
sidering impact of strain temperature and rate
accordingly;

number 2 in the index of variables indi-
cates a finite boundary section (section ae at
fig. 1, 6) of marked i—th elementary volume.

For analytical description of changing the
values of 2K, polynomials of the 3 level

have been used [7, 8]:
2K in = 1,155(GT0 +areyin +a§g§i2 +a§8)3a-2) (2)

where o7, — elasticity stress of metal in
initial (annealed) state;

&xin =\Ho—hyin )/ Ho— current values of to-
tal extent of metal compression (H, — depth
of hot-rolled billet; h,, — current value of bar
depth in deformation zone);
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Figure 1 — Calculating schemes for deformation zone (a) and i—th elementary volume (6): o, — normal

axial stress effective within the boundary of plastic forming and elastic recovery; o

— contact angle of

xi

i—th elementary volume with rols
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af ,a5,a3— indexes, which depend on
chemical content of metal [8].

Values ko, k> were calculated by par-
ity of reasoning with authors [3, 4]:

SRWCEA)

tx[ 2 tcm
t

ni

k

txi2

t -t Y t -t Y ®
+a2[ x[2t cm j +a3 ( x[Zt cm j ,
) 2K€x[2 ’ ktx[2
2(ta213)  (4)
0,14

ux[ 2

5.10"" - 60,842 /")

X

where ay,a;,a,,a3 — indexes, which depend
on chemical content of metal [3];

typ» — current temperature values of a bar
in deformation zone;

t.r =20°C — metal temperature at static tests;

tp — melting temperature of metal;
iy = 200V (xi / Ln)/ 12,
of

rate; Ah = hy —h — absolute compression after

Ly, current

value strain ~ rate (¥ —rolling

skip);

x — Boltzmann constant (0,862-107, ev/K).

Considering author’s recommendations [3]
to determine value t,, algorithm conse-

quence has been used of a such type:

NevixPrnly,

Axyjp = > (5)
Y mCm
x _ 2Ahyio Ly, ll - (xiZ /Ly )J (6)
X2 Vl (hO + hxiZ) ’
tx[Z = (tO + Atx[2 - te )X
4 ?/ece ﬂ“et,:[ 2 (7)
xexp| — +1,,
;/Mc,w (hO +hxi 2) 7

49

where t,;, — current value along length

L, (fog. 1, a) of temperature increment of a

bar due to heat, which is released at plastic
deformation,;
ppi — average pressure of metal onto rolls

in the zone of plastic forming, determined
considering the results of calculations of
normal contact stresses py;1 4 pyi2;

nwn — index of heat release at plastic de-

formation equal to 0,84 — 0,94 [3];

Axia =hg/ hyip — current values of compres-
sion index;

Yw-Cu — accordingly specific gravity and
heat capacity of metal;

ty» — current value of contact period of
particles with a roll along the area of plastic
forming;

A=hy/h — index of bar compression dur-
ing a skip;

tp — bar’s temperature at entering into
strain area;

t, — average temperature of operating
rolls;
Y¢-CasAg — accordingly specific gravity,

heat capacity and index of heat conductivity
of operating rolls material.

As a result of numeric implementation of
mathematical model (formulas (1)-(7)) have
received calculated distributions along L, the

values of compression level ¢ .,, temperature

typand rate wu,, of deformation (fig. 2), as

well as values of double shear resistance of
metal 2K,;» and 2K;,,;» (fig. 3). Mathematical

modeling has been made for the first cage of
cold thin sheet rolling of PC MISW of Ilyich.
Herewith, for initial data it was used: rolled
bar grade — steel 08kit; bar depth before skip 4,
=2 mm; bar width B= 1260 mm; compression
level value during a skip ¢ = 0,3; rare tension
stressHa o = 0 MPa; front tension stress o; =
100 MPa; bar’s output rate from the deforma-
tion zone ¥; =5 m/c; friction index f =0,12.
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Analysis of the results obtained during
mathematical simulation has shown that tem-
perature and strain rate variation along the
deformation forming zone has got a complex
character (fig. 2).

Wherein, accounting the impact of tem-
perature-rate conditions of cold thin sheet

rolling lead to redistribution of values of dou-
ble shear resistance of metal (fig. 3).

In separate cases difference in values
2K, ipand 2K;,.;» can be 20% and more that

has been valuable and should be considered at
predicting of metal pressure onto rolls as well
as power and capacity of cold rolling of thin
bars.
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Figure 2 — Calculated distributions of values for compression level ¢, (1), strain temperature ¢, (2)

and rate y

:K:‘::K -\_\Iﬂa

mx1l*"

.i» (3) along the length of plastic forming zone of deformation zone
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Figure 3 — Calculated distributions of values of double shear resistance of metal at cold thin sheet
rolling along the length of plastic forming zone determined when considering the influence of only
strengthening 2k ., (1) and temperature-rate conditions of strain 2K, ., (2)
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Conclusions and directions for further
research.

As a result of the fulfilled researches there
was refined a mathematical model for calcu-

On the results of numeric implementation
of developed model it has been found out that
if impact of temperature and rate of cold thin

sheet rolling onto the values °7 and 2K is

lation of doubled shift resistance of metal
considering temperature-and-rate conditions
of deformation mainly meeting the real pro-
duction conditions of cold rolled bars at in-
dustrial roll mills.

excluded , the assumed mistake is about 20%
and more, that approves the reasonability of
the problem being solved in the paper.

Bibliographic list

1. Grudev A. P. Teorija prokatki. Uchebnik dlja vuzov. — M. : Metallurgija, 1988. — 240 s.

2. Garber Je. A. Stany holodnoj prokatki. (Teorija, oborudovanie, tehnologija) / Je. A. Garber. —
M. : OAO «Chermetinformacija», Cherepovec : GOU VPO ChGU, 2004. — 416 s.

3. Vasilev Ja. D. Inzhenernye modeli i algoritmy rascheta parametrov holodnoj prokatki /
Ja .D. Vasilev. — M. : Metallurgija, 1995. — 368 s.

4. Mazur V. L. Teorija i tehnologija tonkolistovoj prokatki (chislennyj analiz i tehnicheskie priloz-
henija) / V. L. Mazur, A. V. Nogovicyn. — Dnepropetrovsk : RVA «Dnipro-VALy», 2010. — 500 s.

5. Roberts V. Holodnaja prokatka stali / V. Roberts; pod. red. P. I. Poluhina, V. P. Poluhina // Cold
rolling of steel; per. s angl. — M. : Metallurgija, 1982. — 544 s.

6. Kaplanov V.I. Dinamika i tribonika vysokoskorostnoj tonkolistovoj prokatki. Mirovaja tendencija
i perspektiva : monografija/ V.1 Kaplanov. — Mariupol' : Renata, 2008. — 456 s.

7. Satonin A.V. Razvitie chislennyh odnomernyh matematicheskih modelej naprjazhenno-
deformirovannogo sostojanija metalla pri holodnoj prokatke otnositel'no tonkih polos / A. V. Satonin,
A. G. Prisjazhnyj, A. M. Spaskaja, A. S. Churunakov // Obrabotka metallov davieniem : sb. nauch. tr. —
Kramatorsk : DGMA, 2012. — Ne 2(31). — S. 62—68.

8. Fedorinov V. A. Matematicheskoe modelirovanie naprjazhenij, deformacij i osnovnyh pokazatelej
kachestva pri prokatke otnositel'no shirokih listov i polos : monografija / V. A. Fedorinov,
A. V. Satonin, Je. P. Gribkov // Donbas. gos. mashinostroit. akad. — Kramatorsk, 2010. — 243 s.

Recommended to printing by Doctor of Engineering Science, Prof. DonSTU Novokhatskiy A.M.,
Head of section rolling mill PJSC «AISW)» Klepach E.N.

The date of submission 23.11.15.
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OIIPEJEJIEHUE YJIBOEHHOI'O COITPOTUBJIEHUSI METAJLIA CABUI'Y C YYETOM
TEMIIEPATYPHO-CKOPOCTHBIX YCJOBUH XOJIOJHOM TOHKOJUCTOBOM
MPOKATKH

B cmamve npoanaiu3uposanvl mamemamudecKue MOO@]Zu yOGOEHHOZO conpomueienusl memaiiia
cdeuey npu XOJZOOHOIZ I’I’IOHKO]ZuCWlOGOIZ npoxkameke. Ha OCHOGB€ 6blINOJIHEHHO20 AHAIU3A NOKA3AHA Yeneco-
00pazHoCmb yuema 6 YKa3aHHbIX MOOEISX GIUAHUSL MEeMNePAmyPHO-CKOPOCIMHBIX YCL08Ull npoyecca Oe-
qbopMauuu. YCOGEPWEHCMGOGCIHHCI}Z asmopamu cmambsvu YUCJAEHRAA MamemamudecKas MOO@]Zb nos3eoiu-
J1a YMOYHUMb paciuem YOBOECHHO20 CONPOMUBTEHUS MEMALLA COBUSY C YHENMOM MEMNepamypvl U CKOpPO-
Ccmu X0I00HOU MOHKOIUCIOBOU NPOKAMKU, 4 MAKHCE PEAIbHO20 XapaKkmepa pacnpedeneHutl no OluHe ovaza
deqbopmauuu €20 ceomempudecKux napamempos u I”lOKClS’ClWl@]Z@IZ BHEULHECO KOHMAKMHO20 MPEHUAL.

Knrouesvle cnosa: xonoowas npoxkamka, HARpsdCEHUe MeKyuyecmu, YOBOEHHOe
conpomugierue cosucy, memnepamypHo-cKkOpOCHHtble YCio8Us, ouaz oepopmayui, MamemamuyecKoe
MoOenuposanue.

51



ISSN 2077-1738. Coopnux nayunvix mpyoos Joul TY. 2015. Ne 2
METAJLIYPI'USA

k.T.H. Kopooko T.b., Tokapes O.B. ({ou/[TV, m. Anuescox, JIHP)

BU3HAYEHHS IMTOABOEHOI'O OITOPY 3PYHIEHHIO JE®OPMOBAHOI'O METAJY
3 YPAXYBAHHSIM BILUIMBY TEMIIEPATYPHO-IIBUJIKICHAUX YMOB XOJIOJHOI
TOHKOJIMUCTOBOI MPOKATKH

Y emammi npoananizosani mamemamuuni MoOeni Hanpyau MexKyvocmi i NOOBOEHO20 ONOPY MEMATLY
3PYULEHHIO NPU XOJOOHIT MOHKOAUCMOGIl npoxkamyi. Ha ocHoel 6ukoHano2o ananizy nokasana 0oyinb-
HiCb 007Ky Y 8KA3AHUX MOOENaX 6HAUEY MEeMNEpamypHO-WEUOKICHUX YMO8 npoyecy oepopmayii.
Boockonanena asmopamu cmammi uucenvHa mamemamuyHa Mooeib 00360UNA YMOYHUMU PO3PAXY-
HOK NOOBOEHO20 ONOPY MEMANY 3PYULEHHIO 3 8PAXY8AHHAM MeMnepamypu i weuoKoCmi Xo100HOi MOH-
KOIUCMOBOI RPOKAMKU, A MAKOIC PeANbHO20 XAPAKmMepy po3nooily no 008iCUHi ocepedxy oepopmayii
2EOMEMPUUHUX NAPAMEMPIE | NOKA3HUKIE 306HIUHLO2O KOHMAKIMHO20 MEPMA.

Knwuoei cnosa: xonoona npoxamka, Hanpyaa NIUHHOCHI, NOOBOEHUU ONIP 3PYULEHHIO, THeMRepamy-
PHO-UWBUOKICHI YMOBU, 0CepedoK 0edhopmayii, Mamemamuirne MoOentO8aHHs.
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