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EXAMINATION OF ENERGY AND FORCE PARAMETERS DURING
ROLLING PROCESS USING LONGITUDINAL SLITTING PASSES

Rolling of rods with slitting of the strip calls for the use of special mathematical models that
would allow for the tearing of metal. For the numerical modelling of strip slitting and for the ex-
amination of energy and force parameters the Forge3® computer program was applied. The separa-
tion of the band is effected by means of separating rollers, whose shape must be properly designed
to suit to the slitting pass. In the process of rolling with longitudinal strip splitting, the separating
rollers are not driven. The energy and force parameters needed for the rollers to rotate derive from
the driven working rolls. Therefore, the empirical relationships for the calculation of energy and
force parameters, which are known from literature, cannot be employed for the proper determina-
tion of these parameters during rolling a band in the slitting pass and the separation itself. Using
FEM-based computer programs for solving the problems of the theory of plasticity enables, in addi-
tion to determining the energy and force parameters in complex plastic working processes, also ac-
counting for a number of process specificities, which are not provided for by the empirical formula.

[IpokaTka KaTaHKW C MPOAOJIBLHON pe3KOi TpeOyeT MCIIONB30BaHUs CHENUATBHBIX MaTeMa-
THUYECKHX MOJIENEH, KOTophle OYyIyT yYUTHIBATh 0Opa3oBaHue TPEUIMH B MeTaiuie. KoMmnbrorepHas
nporpamma Forge3"™ mpumeHsimach [Uisi UMCIEHHOTO MOJGTHPOBAHHS TIPOIONBHOM PE3KH M JUIA
W3Y4YEHUS SHEPreTHYECKUX NapaMeTpoB W IoKa3zartenei ycunuii. Paznenenue JIeHThl POUCXOIUT
MIOCPE/ICTBOM Pa3JIeNIUTENLHBIX POJIIMKOB, Ubsl (hOpMa JOJDKHA OBITH CHEIHaIbHO pa3padoTaHa st
COOTBETCTBHSI pa3pe3HoMy KanuOpy. B mporiecce nmpokaTku ¢ IpOJONIEHON pE3KOW pa3euTelNb-
HBIE KaTKA HE UMEIOT COOCTBEHHOTO MPHBOJA. DHEPreTHYECKHe MapaMeTphl M MOKa3aTelld yCH-
JIMHA, HEOOXOIMBIE ISl BpAIlIEHHs! POJIMKOB, MEPEJAIOTCSl OT PHUBOIUMBIX BO BpallleHHue pabodnx
POJIMKOB, TIO3TOMY SMIMPUYECKHE 3aBUCUMOCTH ISl pacieTa SYHEPreTHYECKHX NapaMeTPOB U TOKa-
3aTeled YCUIINA, M3BECTHBIE U3 CIIPABOYHOM JINTEPATypPhl, HE MOTYT OBITh IPUMEHEHBI ISl IIPaBHIIb-
HOT'O OIpeZIeieHHs JaHHbIX TTapaMeTPOB TPH MPOITYCKe MPOKATHOM JIEHTHI Yepe3 pa3pe3Hoi Kaimnuop
U TIpH COOCTBEHHO TIPOJIONBHOM pe3ke. Vcnonb30BaHe KOMIBIOTEPHBIX MPOrpaMM, 0a3UpyIOIIUXCSI
Ha METOJIe KOHEYHBIX JJIEMEHTOB, ISl PELICHHs 33/1a4 TEOPHHU TUIACTHYHOCTH MO3BOJISAET KPOME OIl-
peleneHus SHePreTHUECKUX MMapaMeTpoB U MoKa3aTeNeld YCHIINA B CIIOXKHBIX MpoIleccax IacTHye-
CKOM 00pabOTKM YYHMTHIBATH OINpEACICHHOE KOJIMYECTBO CIEIM(UUECKUX aCIEeKTOB Ipolecca, He
YUUTHIBAEMBIX B OMITUPHYECKUX (HOpMyIax.

Introduction

One of the prospective directions in the in-
tensification of production of shape mills is
rolling in multi-strand passes. The main idea of
the technology is the capability of producing
two, three, four and even five rods simultane-
ously from a single strip (a continuous casting
or billet) in a hot rolling process. The processes
of rolling in multi-strand passes are character-
ized by a spatial state of strain and are difficult
to be accurately described by mathematical
models. Particularly difficult to define is the
pattern of metal flow in the slitting pass and the
strip slitting process itself. In order to carry out
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computer simulations of these processes, it is
necessary to use mathematical models that util-
ize the complete three-dimensional solution by
the finite-element and also the special mathe-
matical models that would allow for the sepa-
rating of metal. For the numerical modeling of
strip slitting the Forge3® [1] computer program
was applied. The strip slitting is implemented
by the algorithm of removing elements for
which the critical value of the normalized
Latham-Cockroft [2] criterion has been ex-
ceeded.

The proper design of the slitting pass roll-
ing process requires taking into account several
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limitations that affect this process. When de-
veloping a technology, energy & force parame-
ters should be considered, among other things.
Many approaches to the determination of these
parameters can be found in literature. Each of
them has some simplifications which, more or
less, affect the correctness of the solution. In
addition to the yield stress, important parame-
ters influencing the result of the rolling tech-
nology design include also rolling the rolling
force and the rolling moment. In many in-
stances, they are of paramount importance. The
use of the computer program enabled the de-
termination of energy & force parameters dur-
ing rolling rods in slitting passes. During their
determination, it could be possible to consider
the complex shape of particular passes.

Experimental conditions and simula-
tions

For the examination of energy & force pa-
rameters during rolling with longitudinal strip
splitting, a two-strand of @ 20 mm ribbed rod
roll pass design, as used in one of the Polish
steelworks, was utilized. Obtaining templates
originating from the real technological process
of ribbed rod manufacture is very difficult.
Therefore, templates taken during the prelimi-
nary rolling mill setting were used (Fig.1).

The theoretical analysis was performed for
the real rolling conditions: the initial strip tem-
perature — 1000 °C, the rolling speed in the slit-
ting pass — 5.9 m/s, the working roll diameter
D =350mm, the slitting roller diameter
Dy, = 164 mm. Moreover, the following input
data were taken for the simulation: tool tem-
perature — 60 °C; ambient temperature — 20 °C;
friction factor — 0.8; coefficient of heat ex-
change between the material and the tool, o —
3000 [W/Km?]; coefficient of heat exchange
between the material and the air, oy —
100 [W/Km?] and value of the normalized
Latham-Cockroft criterion — 0.7 [3]. In order to
reduce the computation time, a % of the band
was used. The distance between the working
rolls axis and the slitting rollers axis was
350 mm. The slitting rolls did not have a con-
stant speed and were not propelled.

Results and discussion

The empirical relationships for the calcula-
tion of energy and force parameters, which are

a)
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Fig.1. Shape and dimensions of templates
of 2 x 20 mm taken after: a) pre-slitting pass,
b) slitting pass, c) split parts obtained from
experimental tests

known from literature [4], cannot be employed
for the proper determination of these parame-
ters during rolling a band in the slitting pass
and the separation itself. Using FEM-based
computer programs for solving the problems of
the theory of plasticity enables, in addition to
determining the energy and force parameters in
complex plastic working processes, also ac-
counting for a number of process specificities,
which are not provided for by the empirical
formula. Therefore, a theoretical analysis of the
obtaining values of the rolling torque and
power in the manufacture of 20 mm-diameter
ribbed rods with the two-strand technology was
performed within this study.

In the numerical examination carried out,
similarly as in the industrial conditions, the
moving band caused the rotation of the separat-
ing rollers. The torque and the power needed
for the rollers to rotate derive from the driven
working rolls. Figure 2 shows the distribution
of the rolling torque and power on the working
roll during the production of 20 mm-diameter
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Fig.2. Distributions of the rolling torque — @) and power — b) on the working rolls (slitting pass) during the production
of 20 mm-diameter ribbed rods with the two-strand technology
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Fig.3. Distribution of the force on the slitting rollers obtained from numerical modeling: @) in the direction of rolling re-
duction, b) in the direction of rolling elongation

ribbed rods with the two-strand technology.
The strip separation stage was divided into the
3 following stages: 1 — steady process of rolling
in the slitting pass, 2 — strip impact against the
separating rollers, setting the rollers in rotation,
and the start of strip separation 3 — steady proc-
ess of strip separation.

Table shows averaged rolling torque and
power results obtained during the production of
2 x 20 mm-diameter ribbed rods in the slitting
pass.

Calculated rolling torque and power during
the production of 2 x 20 mm-diameter ribbed rods
in the slitting pass

Rolling torque [kNm] | Power [kW]
Stage 1 39.5 1309
Stage 2 83.9 197.1
(Stage 2/Stage 1) +112.4 +50.6
Stage 3 47.1 154.5
(Stage 3/Stage 1) +19.2 +18.0
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The analysis of the rolling torque and
power distributions (Fig.2 and Table 1) indicate
that there are a considerable increase in rolling
torque and power in stages 2 and 3 compared to
stage 1. The greatest change in the rolling
torque and power magnitude was observed in
stage 2, during which the moving strip must set
in rotary motion both rollers, and in which the
strip separation process is initiated. This phase
is discussed in a greater detail in work [3].

A theoretical analysis of the force distribu-
tions during the splitting process was carried
out within this study. Figure 3 shows the forces
of metal pressure on the slitting rolls during
strip slitting in the designed rollers. The strip
separation stage was divided into the 2 follow-
ing stages: 1 — strip impact against the separat-
ing rollers, setting the rollers in rotation, and
the start of strip separation 2 — steady process
of strip separation.

It can be found by analyzing the informa-
tion given in Fig.3 that there are two stages of
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slitting, which differ in obtained values of the
force. The first stage is from the 600™ to the
670™ computation step, where increased pres-
sures exist, and the second stage between the
700" and the 850™ computation steps, where
the pressures considerably decrease. The first
stage is associated with the fact that the slitting
rollers are not propelled and their rotation is
caused by the moving strip. At the moment of
its contact with the rollers, the strip must over-
come their inertia, and only then do the rollers
start rotating. At this particular time, the rollers
start to slit the strip and to rotate at the same
time, which requires larger forces to be used. In
the second stage the rollers have been speeded
up to reach the speed of the moving strip, there-
fore the force has significantly fallen.

Conclusions

The use of numerical modeling for the
analysis of the strip separation process has en-
abled the determination of energy and power
parameters, which would have been possible
based on the known empirical relationships.
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