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DETERMINATION OF LONGITUDINAL STABILITY
OF STRIP IN ROLLING CAGE — NON-DRIVE DIVIDING DEVICE SYSTEM
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Abstract. In modern industrial and civil construction, various rolled metal products are used in greater volumes. The largest share of them is occupied
by rebar profiles produced at small-grade mills. The ever-growing demand for rebar rolling requires an increase in production volumes. The most
promising technology in this regard is rolling — separation, which, with relatively low material costs, allows operating rolling mills to significantly
increase the production volume of rebar profiles while reducing energy consumption. However, despite the obvious advantages of rolling — separation
technology using non-drive dividing devices, it is very difficult to correctly determine the rational modes of conducting the process taking into account
the peculiarities of production and equipment layout, which is due to insufficient theoretical knowledge. One of the main problems is determination
of the permissible distance in the rolling cage — non-drive dividing device system. The conducted studies allowed us to propose a dependence for
determining the maximum permissible distance in the rolling cage — non-drive dividing device system for reasons of longitudinal stability of the
strip, taking into account the size and shape of cross-section of the split articulated profile, the nature of pinching, and the backstretch stress. It was
experimentally established that when determining the permissible distance between rolling cage and non-drive dividing device, it is advisable to take
the length reduction coefficient equal to 0.7.
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ONPEARENEHUE NPOAONBHOMN YCTOMYNBOCTU NONOCHI B CUCTEME
NPOKATHASA KNETb — HENPUBOAHOE AENUTENbHOE YCTPOUCTBO
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AHHOmayus. B coBpeMEHHOM NPOMBIIIIEHHOM M TPaKIAHCKOM CTPOMTEIBCTBE B OOJBIIMX 00BEMaxX HCIIOIb3YeTCsl PA3IMYHBIH METaUIONpOKaT,
HaMOOJIBIIYIO JIOJII0 B KOTOPOM 3aHUMAIOT apMaTypHbIE IPOQIIIH, IPON3BOANMBIC HAa MEJIIKOCOPTHBIX cTaHaxX. [TocTosiHHO pacTymas noTpeOHOCTh
B apMaTypHOM IIpokaTte TpeOyeT MOBBILIeHHs 00beMOB MpOU3BoACTBA. Hanbosee nepcrekTHBHA B 3TOM IUIaHE TEXHOJIOTHS MTPOKATKU — pasjie-
JICHUs1, KOTOpast IPH OTHOCHUTEIILHO HEOOJIBIINX MaTepHaIbHBIX 3aTpaTax MO3BOJISIET HA JCHCTBYIONINX IPOKATHBIX CTAHAX CYIIECCTBEHHO MOBBI-
CUTh 00BEM NPOM3BOJCTBA ApMATYPHBIX Mpoduiiel Mpu CHWKEHUH dHeprozarpar. OIHaKo, HECMOTPS HA OYEBH/HBIC MPEHMYIIECTBA TEXHO-
JIOTHMW TIPOKATKH — Pa3leiCHUsl C MCIOJIb30BAHHEM HETIPUBOAHBIX JICIUTEIBHBIX YCTPOHCTB, OOJBIINE 3aTPYIHEHUS BBI3BIBACT MPABHUIILHOE
OIpeieNieHle PallOHAIBHBIX PEKMMOB BEICHHUS TPOLIECCca C Y4eTOM 0COOCHHOCTEH MPON3BOJICTBA M KOMIIOHOBKH OOOPY/IOBAHUS, YTO CBS3aHO
C HEJOCTATOYHOI TEOPEeTHYECKONW M3y4eHHOCThI0. OHON M3 OCHOBHBIX MPOOJIEM SIBIISETCS OINpPEAEICHHE JOIyCTUMOTO PACCTOSHHS B CHCTEME
MIPOKATHAs KJIE€Th — HEIPUBOAHOE AEIUTEIbHOE YCTPOiCcTBO. [IpoBeieHHbIE HCCIIeI0BaHIS TO3BOIIIIH MPEATIOKUTH 3aBUCUMOCTB JUIS OTIPEACTCHUS
MaKCHMaJIbHO JIOITYCTUMOT'O PACCTOSHHS B CHCTEME MPOKATHAs KJICTh — HEMPUBOAHOE JICIUTEIBHOE YCTPONUCTBO U3 COOOpaKeHUH MPOIOJIBHOM
YCTOIYMBOCTH TOJIOCHI C YYETOM pa3Mepa M (pOpMbI MOMEPEUHOro CEYEHMS Pa3/IesisieMOro COWICHEHHOTO MPOQMIIs, XapakTepa 3aIleMICHHS,
HAaIpsDKSHUS TTOJIIopa. DKCIEPUMEHTAIBHO YCTAHOBIICHO, YTO TPH OTIPE/ICIICHUH JOITYCTHMOTO PAcCTOSIHUS MEX/y TIPOKATHOW KJIETBIO U HETIPU-
BOJIHBIM JICJIUTEIILHBIM YCTPOHCTBOM KO (UIMEHT MPUBEACHNUS JUIMHBI 1IeJIeco00pa3Ho NpUHUMATh paBHbIM 0,7.

Kntouesule cnoea: apmarypHsie podHIn, IPOKaTKa — pa3jeleHue, YCIOBUE YCTOUUHBOCTH, JOIMYCTHMOE PAcCTOSHME, KO3(h(UIUEHT IpUBEACHHS
JUIMHBI
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Modern realities are characterized by the active
growth in industrial and civil construction. Advanced
construction technologies increasingly rely on the use
of prefabricated structures made of reinforced concrete
and metal products [1 — 3]. The constantly rising demand
for construction metal products necessitates solutions
that offer a short payback period, low costs for produc-
tion re-equipment, and a significant increase in produc-
tivity. The rolling — separation technology meets all
these requirements [4; 5]. Currently, the rolling — separa-
tion technology is developing in two directions, distin-
guished by where the longitudinal dividing occurs: either
within the rolls of the rolling mill, which simultaneously
forms and divides the articulated profile, or in a sepa-
rate stand-alone non-driven dividing device. On most
modern rolling mills, the second method is preferred, as
separating the operations of forming the articulated pro-
file and subsequent longitudinal separation in a separate
stand-alone non-driven device significantly simplifies
equipment setup [6 — 9]. However, this arrangement can
lead to a potential loss of natural longitudinal stability if
the distance between the rolling mill and the non-driven
dividing device is chosen incorrectly. Currently, this
issue is addressed through trial and error, which results
in increased defective products and unforeseen downtime
of the primary rolling equipment.

The use of 3D simulation methods does not allow for
the assessment of the permissible distance that ensures
natural longitudinal stability [10]. To evaluate the risk
of losing longitudinal stability of the strip and to deter-
mine the critical distance between the rolling mill and
the non-driven dividing device, a dependency obtained
using the well-known Euler’s formula [11] is proposed:
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where [ is the maximum permissible distance between
the rolling mill, which forms the articulated profile, and
the non-driven dividing device, ensuring longitudinal sta-
bility; E is the modulus of elasticity of the first kind, MPa;
k is the coefficient of length reduction; i . is the minimum
radius of the section inertia; o, is the support stress neces-
sary for longitudinal division by the non-driven dividing
device; o is the resistance to deformation of the material
being divided.

As can be seen from the presented dependency,
the magnitude of the maximum permissible distance
depends on the support stress necessary for longitudi-
nal separation, the shape, and the area of the cross-sec-

tion of the articulated profile, which are characterized
by the minimum radius of inertia, the modulus of elasticity
of the first kind, and the coefficient of length reduction.
Among the factors considered, the coefficient of length
reduction has a significant impact, varying from 0.5 to 2.0
depending on the nature of the clamping [11].

To determine the coefficient of length reduction dur-
ing the implementation of the rolling — separation pro-
cess, laboratory experiments were conducted. These
experiments compared the critical force corresponding
to the moment of loss of stability, obtained both theo-
retically using Euler’s equation and experimentally.
The experimental and theoretical data obtained with coef-
ficients of length reduction of 0.5 and 0.7 are shown in
the figure.

According to the obtained data, when determining
the natural longitudinal stability of the strip in the rolling
mill — non-driven dividing device system, a coefficient
of length reduction equal to 0.7 is required to achieve
values closer to the experimental data. With a coeffi-
cient of length reduction of 0.7, the calculated data are
10 — 15 % less than the experimental data. In practical
use, this provides a margin of safety when determining
the permissible distance in the rolling mill-non-driven
dividing device system.

[ ConcLusiOons
A dependency has been derived that enables the esti-

mation of the maximum permissible distance between
the rolling mill stand and the non-driven dividing device,
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Dependence of critical force on the distance between the source
of deformation and the place of pinching:
I — experimental results; 2 and 3 — calculated values according
to the Euler formula with a length reduction coefficient of 0.5 and 0.7

3aBUCHMOCTb KPHTHUECKOH CHIIBI OT PACCTOSHHSA MEXKIY
o4arom ae(hopMaIuu U MECTOM 3aIEMIICHUSL:
1 — PKCTIepUMEHTalbHbIE Pe3YNbTaThl; 2 U 3 — pacueTHbIC 3HAYCHUS
1o popmyste Ditnepa npu kod3bduunente npuseaenus umnel 0,5 n 0,7
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ensuring the longitudinal stability of the strip during
the implementation of the rolling—separation technology.
Experimentally, it has been established that the length
conversion coefficient for the rolling—separation technol-
ogy using a non-driven dividing device should reasonably
be taken as 0.7.
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