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EXPERIMENTAL STUDY OF THE POWER PARAMETERS IN ROLLING
PROCESS OF HIGH CARBON STEEL WIRE ROD

The increase in demand and requirements for quality of steel wire rods over several decades
were a factor in stimulating the continuous works on development of its manufacturing at stages of
steelmaking & casting and rolling as well as process monitoring and control [1, 2, 3]. Contemporary
rolling mills of steel wire rod are characterized by capacity of production on one strand over 100
Mg per hour and finish rolling speed exceeding 100 m/s (360 km/h) with very good dimensional
tolerances and surface characteristics. This high performance was achieved with using advanced
No-Twist Mill® (NTM) and Reduce Sizing Mill® (RSM) equipment machinery (Fig.1) originally
produced by Morgan Company [4].

Fig. 1. A view of NTM Morgan rolling mill block [4]

In the last years, further development is determined also by the request of minimizing post-
production additional operation as annealing or drawing by secondary manufacturers producing fi-
nal products. It let to reduce and optimize costs as well as contribute to natural environmental pro-
tection [5]. In conditions of modern, high-speed wire rod mills offering wide range of possibilities
of control of production process and its parameters, it is achieved by modifying existing and devel-
oping new technologies. That trend fits research project carried out at Faculty of Production Engi-
neering and Materials Technology of Czg¢stochowa University of Technology, aimed at develop-
ment of new, proecological production technology of high carbon steel wire rod which let to obtain
desirable microstructure without of patenting treatment and thereby to provide good conditions for
further plastic working in drawing process [6, 7].

One of the stages of these investigations are measurements and analysis of power and force
factors of rolling process in industrial conditions, providing information to characterize and com-
parison of modernized production technologies as well as to obtain data input for mathematical
modeling and simulation of steel wire rod rolling and their verification
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A flowchart layout of relevant high-speed rolling mill was shown in Fig.2 Whole rolling
process can be divided into two stages: conventional rolling in medium section H/V system mill and
finishing rolling in specialized Morgan blocks.

Continuous rolling line is divided into 3 sections:

- roughing mill with group of seven roll stands;

- intermediate mill with group of six roll stands;

- pre-finishing mill with group of four roll stands.

Between each group of stands are installed shears in purpose to emergency cutting as well as
cutting off endings of rolled band. Rolling in stands no. 2 — 10 is realized with tension, in other
stands with loop.

CONTINUOUS MILL

ROUGHING IN TERMEDIATE PRE-FINISHING
MILL MILL MILL
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Fig. 2. Layout of analyzed wire rod mill

During the rolling of high carbon steel wire rods with final diameter 5,5 mm, after last sev-
enteenth stand, rolled band with speed about 7 m/s is fed up trough the set of water boxes to the two
integrated Morgan rolling block. The NTM consists of one strand system of small diameter ring
rolls mounted on endings of the shafts, alternately at angle +45° to the horizon level (Fig.1).As a
result they create arrangements like known H/V configuration of roll stands and eliminates necessi-
ty of twisting the rolling band between oval — round passes. Single main motor drives the rolls
trough the two main shafts and a lot of gearboxes enclosed in a compact housing. In this rolling
block the band is under high deformations rates in succeeding ten passes and the output speed of the
band is about 70 m/s. Due to high increase of temperature in this block, the rolled band must be
cooled in the second sections of water boxes.

Next in rolling line is four stands RSM block. It has similar idea of construction with single
drive and rolls arrangement. The two first passes are responsible for the reduction for controlled
rolling and the next two, adjustable during process are used for small reduction for precise sizing.
The final linear speed of the band on the output of RSM is above 100 m/s [6].

Finally, after the cooling in third set of water boxes, the band is passed to the laying head of
the ring former and further heat treatment on STELMOR conveyor [6].

Each stand in continuous mill as well as NTM and RSM rolling blocks are driven by inde-
pendent electrical AC motors powered by modern frequency converters to flexible control of rolling
speed. The high accuracy of control and quick response on load of motors drivers let to be at the
present time a source of reliable information about momentary parameters of motor, e.g. torque and
can be propagated indirectly on some parameters of rolling process, too. In heavy, industrial condi-
tions, it is very often only way to estimate the rolling torque.
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Momentary values of motor parameters calculated by the processors in the frequency con-
verters are distributed on standard outputs or via industrial network. In analyzed rolling mill plant
two independent systems of data acquistion has been established. One is dedicated for continuous
rolling mill line (sampling rate 20 ms) and the second for NTM and RSM blocks monitoring (sam-
pling rate 50 ms). Both capture not only data of drives but also information about temperatures,
speeds, flows and pressure of cooling medium as well as other parameters of the rolling process.
For high speed measurement e.g. of entry of the band to the rolls dedicated service software may be
used with 1 or 2 ms accuracy [8].
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Fig. 3. Example of torque and rotation speed of motors in selected stands
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Fig. 4. Example of torque and rotation speed of motors in NTM | RSM block



ISSN 2076-2151. Oépabomka mamepuanos oagaenuem. 2015. Ne 2 (41) 281

During the presented study, the four feed stocks with 7meters length were rolled. They were
made from C70 steel grade [6], the same as used during normal production of steel wire rod. Exam-
ple of collected experimental data of motor in chosen roll stands, in each of sections of continuous
mill were presented in Figure 3. On these plots changes of rotation speed and torque were shown as
essential for further calculations. Their courses are typical, with good visible moments of entry and
output of the band and also changes connected with the changes of its temperature. Taking into con-
sideration ratio of gearboxes between motors and rolls, torque of rolling in each stand was calculat-
ed. It should be understand although idle torque was subtracted, these values are still affected by
additional torque in bearings during rolling pass. Obtained results were shown in bar diagrams in
Figure 5 with added rolling speed profile. The highest torque — 147,7 kNm occurred in fourth stand
and then diminishes in the next while the speed increasing. These results are in good correlation
with preliminary study [7].

Analogical courses of torque and rotational speed for NTM and RSM drives were shown in
Figure 4. In these rolling blocks, from the point of view of the drive motor, coupled stands are as
visible as one stand. Due to being still recognized torque distribution between particularly stands,
depended of a lot of factors, value in their passes were not presented in this paper.

160 8
1404 = Speed . i
| I Torque 7
120 Q S e
pe— i 15 @
g 100j /.,» |
) / 44 3
gf 80 - . 1 g
B s
=t —43
g 60- Pa |
= - =
] | - 42 @
© 404 ]

7 8 9 10 11 12 13 14 15 16 17

No. stand

Fig. 5. Rolling torque in particularly stands with rolling speed profile

Based on the collected data of torque and rotational speed, value of momentary power of

rolling for each sample was calculated from formula:
27-n
I:)r _(Tr Ti ) 60 '

where P, — power of rolling; T, — torque during rolling; T; — torque during idle time; n — mo-
tor speed in [rpm].

From these values, averaged power in each passes was determined, presented in the Figure
6. In stands No. 4 — 17, mean power was 207 kW

Summarized results of power calculation for continuous mill and NTM and RSM block were
collected in Table 1. In relation to the main motor power of these rolling blocks it is respectively
48% and 33%.

Table 1
Summarized rolling power

Continuous mill No-Twisted Mill Reduce-Sizing Mill

Power 2,98 MW 3,15 MW 1,20 MW
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Fig. 6. Rolling power in particularly stands

During the investigations also the influence of temperature of rolled band on NTM motor
torque was analyzed. Quick response of frequency converter on torque load changes (about 3ms)
[8] let to analyze fluctuation of torque with quick changes of temperature. In Figure 7 comparison
of temperature profile of the rolled band measured before entry to the NTM and of motor torque
was presented. For better visibility the temperature scale was inverted. As can be observed, changes
in torque very good related to temperature variations [9].
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Fig. 6. Changes of NTM motor torque
and band temperature during rolling

Fig. 7. NTM motor torque vs temperature
of the rolled band

In Figure 7, dependence of NTM motor torque with temperature of the rolled band for some
captured samples was presented. Torque was found to increase about 10% with decreasing of tem-
perature from 910 °C to 870 °C. These changes can be approximated with good accuracy (R =
0,9667) by equation:

Torque = -0,07536x Temperature + 99,92

SUMMARY
An industrial investigation of the power parameters during rolling of high carbon steel wire
rod 5,5 mm diameter was carried out. As the effect of this study torque and power of rolling were
determined. On this base, rolling force can be calculated in the future. The influence of the rolled
band temperature on summarized rolling torque in NTM, reduced to shaft motor was studied too
and the relationship between them was found. This dependence will be used for better materials
characterization at high rate of deformation. All received results, beside of production processes
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characterization and comparison under e.g. energy consumption will be also used as input data for
mathematical modeling and simulation of high carbon steel wire rod rolling and their verification.

ACKNOWLEDGMENTS
This study was financed from the resources of the National Research and Development Cen-
tre in the years 2013-2016 as Applied Research Project No. PBS 2/A5/0/2013.

REFERENCES

1. Cooksley R. C. Rolling of bar, rod and sections: steel / R. C. Cooksley, D. Jones // Metal technology. —
1975. — Ne 7-8 (2). — P. 370-377.

2. Kiefer B. V. Recent innovations in high speed rod and bars mills / B. V. Kiefer, T. M. Shore // Millenium
Steel. — 2007. — P. 151-155.

3. Kiefer B. V. In-line material characterization measurements in high speed rod rolling mills / B. V. Kiefer,
P. L. Keyzer, K. L. Schafer // Proceedings of the International Symposium on advanced sensors for metals processing,
38" Annual Conference on Metallurgists of CIM. — Quebec City, Quebec, August 22—26, 1999.

4. Brochure:Morgan Vee No-Twist® Mill, 06.2013, Siemens VAI Metals Technologies GmbH.

5. Making to high performance and productivity improvment of steel bar and wire rod rolling process / R. Seki,
K. Nakajama, K. Hasegawa, K. Yoshimura // Nippon Steel Technical Report. — July 2007. — No. 96. — P. 21-28.

6. The analysis of influence production conditions on properties of C70 55 mm diameter wire rod/
M. Knapinski, B. Koczurkiewicz, H. Dyja, A. Kawalek, K. Laber // Proceedings of METAL 2014. — Brno, Czech Repub-
lic, 215-23" May 2014.

7. Bausinue ycnosuii npoxkamku HA CMPYKMypy Kamauku u3 evicokoyerepooucmou cmanu / X. [via,
T. I'apcmxka, b. Kouypxesuu, A. Kasanex // Tpyovl meacoyHapoOHOU HAYUHO-mexHuuecKkol Kougepenyuu «Hanomexwno-
no2uu pyHKkyuoHarvHvix mamepuanos. (HOM 2014). — 2013. — C. 90-95.

8. ACS 6000. Technical Catalog, ABB, 3BHS123322 ZAB EO01 Rev. D, 18-09-2009, ABB Switzerland Ltd.

9. Wplyw nierownomiernego rozkladu temperatury na diugosci wsadu na parametry energetyczno-sitowe po-
dczas walcowania pretow okrgglych | P. Sygut, K. Laber, S. Mroz, H. Dyja. — Hutnik — Wiadomosci Hutnicze, 2010. —
No 9 (2010). — P. 540-542. — ISSN 1230-3534.

Garstka T. — Czestochowa University of Technology, Faculty of Production Engi-
neering and Materials Technology, Institute of Plastic Working and
Safety Engineering Czg¢stochowa, Poland;

Dyja H. — professor, Czestochowa University of Technology, Faculty of Produc-
tion Engineering and Materials Technology, Institute of Metal Forming
and Safety Engineering, Czestochowa, Poland;

Laber K. — doctor, Czestochowa University of Technology, Faculty of Produc-
tion Engineering and Materials Technology, Institute of Metal Forming
and Safety Engineering, Czestochowa, Poland;

Koczurkiewicz B. - doctor, Czestochowa University of Technology, Faculty of Produc-
tion Engineering and Materials Technology, Institute of Metal Forming
and Safety Engineering, Czestochowa, Poland.

E-mail: tomasz.garstka@wip.pcz.pl

Cmamows nocmynuiaa 6 peoaxyuro 15.09.2015 a.


mailto:tomasz.garstka@wip.pcz.pl



