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DETERMINATION OF DOUBLE SHEAR RESISTANCE
OF METAL CONSIDERING THE TEMPERATURE AND RATE
OF THIN SHEET COLD ROLLING

The purpose of this paper is to specify mathematic model for computation of double
metal resistance to its shift considering temperature-rate conditions of cold thin sheet rolling.

Accurate determination of the computed values of double shear resistance of deform-
able metal significantly affects the prediction accuracy of rolling power parameters. A
mathematical model in which the deformation zone consisting of zones of plastic forming and
elastic recovery was discretized with augment Ax into a number of n i-th elementary volume
for determination of contact stresses while sections’ heights have been computed basing on
LYa. Shteirmen’s approach. Tangential contact stresseswere calculated using the
A.N. Levanov's principle. Normal contact and normal axial stresses were determined accord-
ing to the conditions of static-dynamic equilibrium and plasticity.

As the result of numeric implementation of specified mathematical model, computed
distributions have obtained along the compression values, values of temperature and strain
rate as well as double shear resistance. Mathematical simulation has executed for the first
cage of thin sheet cold rolling at PC MISW of Ilyich.

Analysis of results conducted during mathematical modeling has shown that change of
temperature and strain rate on the length of the plastic forming zone is complex. At the same
time, consideration of the effect of temperature and strain rate conditions of cold-rolled sheet
leads to a redistribution of values of double shear resistance of the metal.

Keywords: cold rolling, stress fluctuation, double resistance changes, temperature and
strain rate conditions, cell deformation, mathematical modeling.

Introduction

Development of production technology of cold rolled strips determines the
necessity to improve the accuracy of mathematical models that provide operation of
automated control systems of the process. In particular, the accurate determination
of the calculated values of double shear resistance of deformable metal significantly
affects the prediction accuracy of power parameters of rolling [1].

Analysis of recent publications and problem statement

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
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only as a function of compression exponent of rolled strips. In [3, 4] it is shown
that neglecting the influence of temperature-rate deformation conditions leads
to substantial errors in the calculation of quantities and values o7 and 2K. To
determine the yield stress and double shear resistance for bars depending 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 com-
putation is proposed 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
deformation of the rolled metal. Mathematical model the authors [4] does not
have these shortcomings. Herewith, applied numerical approach to the compu-
tation of normal contact stresses defining the strip temperature, has a number of
assumptions, the most important of which are the constancy of the friction coef-
ficient along the length of the strained zone, the application of the friction la-
wof Coulomb-Amonton and idealization of the actual shape of the contact sur-
face 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.

The purpose of this paper is to specify mathematic model for computa-
tion of double shear resistance of metal considering temperature-rate conditions
of cold thin sheet rolling.

Mathematical model

To determine the contact stresses they used mathematical model [7]. Defor-
mation zone (Fig. 1 a), consisting of zones of plastic forming length Lp/ and elastic
recovery length L., broke into augment Ax to form a finite set of n-number i-th ele-
mentary volumes (Fig. 1, b), which position of the boundary sections (section ae
and cd in Fig. 1, b) was defined by coordinates x;; and x;,, heights A, ; ;.

A mathematical model [7] has been used for calculation of contact stress.
Deformation zone (fig. 1, a), which consists of plastic forming areas Lp/ and
elastic recovery L., was broken with A4x augment into a finite set of n i—th ele-
mentary volumes (fig. 1, b), which location of boundary sections (sections ae
and cd at fig. 1, b) has been determined by x;; and x;» coordinates.

Heights h;, and h;, of these sections were calculated basing the approach of
I.Ya. Shtaerman [8], and rates V,;; and V,;, (fig. 1, b) of metal particles motion

were on the basis of sliding hypothesis [1]. Herewith a plastic forming area
(puc. 1, a) has been divided into delay zone Lp,. and out running zone, which

length L,;, and depth 4, of a bar in neutral section they determine consider-
ing stress of back o0, and frontal G, tension, radial rate of rolls V., as well as

rolling depth before 4, and after A passing. To calculate contact shear stresses
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7y;1 and 7,;o (fig. 1, b) one have used A.N. Levanov’s principle, and to calcu-
late normal contact ( p,;; and p,;, ) and normal axial (o;1 and 0o ) stresses

they used principles of static-dynamic balance and elasticity.

[
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Fig. 1. Calculating schemes for deformation zone (a) and i—th elementary volume (b):
G: — is the normal and axial effective stress within the boundary of plastic forming and
elastic recovery; a,; — is the contact angle of i—th elementary volume with rols

Doubled shear resistance of metal considering temperature-rate influence the
conditions of thin sheet cold rolling has been determined as follows [3,4]:

2K yxip =2K gy - kexi2 “kuxi2 (1)

where 2K ;> — is the current value of double shear metal resistance in-

dex, determined with considering of strengthening effect;

kpeio »kyxio — are current values of indexes considering impact of strain
temperature and rate accordingly;

number 2 in the index of variables indicates a finite boundary section (sec-
tion ae at fig. 1, b) of marked i—th elementary volume.

For analytical description of changing the values of 2K ;7> polynomials

of the 3" level have been used [7, 8]:

2K,

exi2 = 1’155(0':&; 1€y a3 +a}k'53§i2)’ @
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where O7p,, —is the elasticity stress of metal in the initial (annealed) state;
Exin = (H 0—"yi2 )/ H( — are current values of total extent of metal com-

pression ( H, —is the depth of hot-rolled billet; h;, — is the current value of bar
depth in deformation zone);

al* , aé, agk — are indexes dependent on chemical composition of metal [8].

Values k2 , kyxjo were calculated by parity of reasoning with authors [3, 4]:

2 3
Iyi2 —lem Iyi2 —lem Iyi2 —lem
kexiz = ag + a1 ; ta — ta—— |, 3)
ni ni ni

2t +273)
76824 [ Uyi 0,14
2K gxi2 *kixi2 k5 10!! ~60,8421n(h°  hyiz) )

kyxiz =1+

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

ty;o — is the current temperature values of a bar in deformation zone;

ter = 20°C — is the metal temperature at static tests;

tp; — is the melting temperature of metal;

Uyio =200 NN (xiz / Lnn)/ hi.an 2 — 1S the current value of strain rate
(/] —is the rolling rate; Ah = hy — hy — is the absolute compression after skip);

¥ — is the Boltzmann constant (0,862 - 10_4, ev/K).
Considering author’s recommendations [3] to determine value t,;, the
following algorithm consequence has been used:

Nebix Prn Ay
Axyy =T Atz 5)
YuCm

| 2Ly 1= (%2 / L) |

= (6)
iz Vz(ho +hxi2)

»
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4 7606/16t;i2
YmCu (hO +hxi2) T

Iyi2 = (tO +Alyi) —tg )exp - +1g,(7)

wherety;5 — is the current value along length L,; (fig. 1, a) of temperature

increment of a bar due to heat, which is released at plastic deformation;
Ppl — 1s the average pressure of metal onto rolls in the zone of plastic

forming, determined considering the results of calculations of normal contact
stresses py;1 and pyio;

Tvyh = is the heat release ratio at plastic deformation (0.84 — 0.94) [3];
Ayio =hg / hyjp — are current values of compression index;

Vu-Cy — are relative density and heat capacity of metal, respectively;

fyi2 — is the current value of contact period of particles with a roll along

the area of plastic forming;
A = hgy / b — is the index of bar compression during a pass;

to —is the bar temperature at the beginning of strain area;

t, —1is the average temperature of operating rolls;

YesCg>Ae — are relative density, heat capacity and index of heat conduc-
tivity of operating rolls’ material, respectively.

Investigation results

As a result of numeric implementation of mathematical model, formulas (1) -
(7), have received calculated distributions along L, the values of compression level
&y temperature ¢,;, and rate u,;, 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,
the following initial data were used: rolled bar grade - steel 08kp; bar depth before
pass hy =2 mm; bar width B = 1260 mm; compression level value during a pass
£=10.3; rare tension stress g,= 0 MPa; front tension stress o; = 100 MPa; bar’s out-
put rate from the deformation zone V; = 5 m/c; friction index /' = 0.12.

Analysis of the results obtained during mathematical simulation has
shown that temperature and strain rate variations along the deformation form-
ing zone are of complex character (fig. 2).

Where in, accounting the impact of temperature and strain rate conditions
of cold thin sheet rolling lead to redistribution of values of double shear resis-
tance of metal (fig. 3).
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Fig. 2. Calculateddistributionsofvaluesforcompressionlevel £ ;5 (1), straintemperature

tyi» (2) andrate u,;, (3) along the length of plastic forming zone of deformation zone
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Fig. 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)

In separate cases the difference in values 2K,,;» and 2K,,;; may be 20% and
more that is significant 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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Conclusions

It has been specified the mathematical model for calculation of double
shear resistance of metal considering the influence of temperature and strain
rate conditions of strain which in greater degree corresponds to real conditions
of production of cold rolled bars at industrial rolling mills. On the results of
numeric implementation of developed model it has been found ou tthat if im-
pact of temperature and rate of cold thin-sheet rolling on to the values o7 and

2K are excluded, the assumed mistake is about 20% and more, that approves
the reasonability of the problem being solved in this paper.
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Kopooko T.b., Ilpucsasxcnun A.I., Ceamuii M.O., Kopenxo M.I. Buznauennsn
n006OEHO020 ONOPY 3PYUIEHHIO 0ehOpMOBAN020 Memaiy 3 YPAXYBAHHAM GHIUGY MeM-
nepamypHo-ueUOKICHUX YMOE X0J100HOI MOHKOUCH O80T NPOKAMKU.

Y cmammi npoananizoeani mamemamuyni mooeni HanpysceHHs meuii i NOOBOEHO-
20 onopy memany 3cy8y npu XoN00HII MOHKOAUCMOSil npokamyi. Ha ocnosi euxkonanozo
ananizy noKazana OOYINbHICMb YPAXYBAHHs Y 3A3HAYEHUX MOOEAX GNIUBY MeMNepamy-
PHO-WBUOKICHUX YMO8 npoyecy Oeghopmayii. Boockonanena asmopamu cmammi yuceno-
HA MAMeMamuina Mooenb 003801UNA YIMOUHUMU PO3PAXYHOK NOOBOEHO20 ONOPY Mema-
JIy 3CY8Y 3 YPAXYBAHHAM MeMNepamypu i wiUOKOCmi X0N0OHO! MOHKOAUCHOB0I npoKam-
KU, @ MAKodic peanvHo20 Xapakmepy po3nooiny eoMempuiHux napamempis i NOKasHuKie
308HIUHBO20 KOHMAKMHO20 MEPMSs RO Q08XHCUHI cepedosuya dedhopmayii.

Kntouosi cnoea: xon00Ha npokamxa, HanpysceHHs medii, NHOOBOEHULL ONIp 3CY8Y, meMm-
nepamypHo-weUOKICHI YMO8U, cepedosuye deghopmayii, Mamemamuire MOOeTOBANHSL.
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Kopooko T.b., Ilpucaxcnuii A.I., Ceamuii M.O., Kopenxo M.I. Onpedenenue
YOBOEHHO20 CONPOMUGNEHUA MEMANNA COBUZY C YUEHOM MEMNEPAMYPbl U CKOPOCMU
X0J100H0U MOHKOIUCHO601 NPOKANKU.

B cmamve npoananusuposanvl mamemamuyeckue mMooenu y080EHHO20 CONPOMuUS-
JIeHUsL MEmania co8uzy npu X0100HOU MOHKOAUCMOosou npoxamke. Ha ocnose gvinon-
HEHHO20 AHAIU3A NOKA3AHA YenecoOOPA3HOCMb Yiema 6 VKA3AHHLIX MOOeNAX GIUAHUSA
memnepantypHo-cKOpOCMHbIX YCI08Ull npoyecca oepopmayuu. YcosepuleHcmeoganHas
agmopamu Cmamol YUCLeHHAs MAMEMAMu4eckas Mooeib NO360AULA YIMOYHUMb paciem
VOBOEHHO20 CONPOMUGLEHUsT MEMALIA COBUSY C YHemOM MeMNepamypovl U CKOpoCmu
XONOOHOU MOHKOAUCTOBOU NPOKAMKU, d MAKIICe PeanrbHO20 XAPaKmepa pacnpeoeneHull
no onune oyaza deghopmayuu e2o 2eOMeMpUYecKUx napamempos u nokazamenei eHeul-
He20 KOHMAKMHO20 MPEeHUs.

Knrouegvie cnosa: xono0Has npokamka, HanpsdiceHue mexkyiecmu, YO80eHHOe CO-
npomugieHue cosuzy, memnepantypHO-cCKOpOCHHble YCI08us, oyaz oeopmayuu, mame-
Mamuyeckoe MOOeIuposaHue.
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