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Method for determining the actual duration of heating slabs in continuous furnaces
using the Excel program

The duration of slab heating in the continuous furnace is one of the key parameters of the thermal

preparation of billets before processing in hot rolling mills. The duration of heating is less than
optimal, taking into account the thickness of the slab, the type of fit, the temperature mode of
heating and the design of the furnace, will lead to a low enthalpy of the slab at the discharge,
uneven heating of the slab, and, as a result, to the breakdown of rolling equipment and a decrease
in the quality of finished products. Prolonged oversitting of the metal leads to increased scale,
irrational fuel consumption and the appearance of defects on the rolled products. Determining the
actual duration of heating at a number of mills is complicated by the lack of modern tracking
systems and reliable information on the settling time of each particular slab. This work is devoted
to the development of a method for determining the actual duration of slab stay (heating) in
continuous furnaces in the absence of information about the actual time of planting. A method for
determining the actual duration of heating slabs in a pusher-type method furnace of the sheet
rolling shop is considered. To use this method, the following data are required: the width of the
slabs, the time of exit from the method furnace, the exact dimensions of the continuous furnace.
The width of the slabs can be obtained from the database, as well as the time of dispensing from
the continuous furnace. The exact dimensions of the method furnace are on the drawing of the
unit. Usually, in such databases, information on several furnaces is used at once, in this article we
will consider the case of data on three methodical furnaces. Digitizing the process using Excel
allows you to get the desired result more efficiently with the elimination of human error. For
example, a database with 6000 rows of information is used.

Keywords: method furnace, methodology, heating duration, excel, semi-automation of the
process, slab, formulas for excel, digitization, rolling production.

Introduction

Determining the heating time of slabs has several key aspects that affect the parameters of the processing
process:

1. Quality of processing. The correct heating time ensures that the temperature is evenly distributed
throughout the slab, which prevents internal stresses and defects such as cracks or deformations.

2. Physical properties of the material. The heating time affects the microstructure of the metal.
Insufficient or excessive heat can alter mechanical properties such as strength characteristics, hardness, and
ductility.

3. Energy efficiency. Optimizing the heating time helps to reduce energy costs. Prolonged heating leads
to overconsumption of energy, and too short may require additional processing.

4. Performance. Knowing the heating time allows you to optimize production cycles, which improves
the overall efficiency of the plant.

5. Reduced risk of defects. Heating time control helps to minimize the risk of defects in the final product.

6. Information. Knowing the exact time spent in the furnace contributes to obtaining information about
all influencing factors. For example, what temperature affected the slab while in the furnace.

Thus, the correct determination of the heating time of slabs is critical to achieving high standards of
quality and efficiency in rolling production [1].
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Methodology and materials
To calculate the heating time of a slab billet, first of all, it is necessary to determine the length of the

furnaces. Having studied the drawing of the MF (Methodical Furnace) in the version with five heating zones,
the scheme of the unit was drawn up (Fig. 1) and the data in Table 1 were obtained.
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Figure 1- Profile diagram of the furnace working area (digits indicate zone numbers)

The data [2] confirmed that the lower part of the slab entering the continuous casting furnace corresponds
to the large bending radius on the continuous casting machine (CCM), and the upper part corresponds to the
small one.

Table 1
Furnace length parameters
Ne Methodical Furnace Furnace length, mm
1 35464
2 35464
3 35464

At the second stage, we receive information from databases. An example is presented in Table 2.

Table 2
Example of an information database (8 rows)
Line Time of Heat Party Slab width, Grade VIEW _POSAD | Methodical
Number issuance mm Furnace
1 30.09.24 19:00 | 344281 | 20724 1190 20sp H 3
2 30.09.24 19:01 | 344281 | 20724 1190 20sp H 2
3 30.09.24 19:11 | 242171 | 20725 1190 3 sp C 2
4 30.09.24 20:02 | 242171 | 20725 1190 3sp C 3
5 30.09.24 20:07 | 242171 | 20725 1190 3 sp C 2
6 30.09.24 20:07 | 242171 | 20725 1190 3sp H 1
7 30.09.24 20:09 | 242171 | 20725 1190 3 sp C 1
8 30.09.24 20:11 | 242171 | 20725 1190 3 sp C 3

Note 1. Type of posad. H — denotes hot posad, C — cold posad. Usually, in case of hot planting, the heating
time of the slab should be approximately 10% less than that for cold slurry.

Note 2. Ne Stoves. In the case of an example, this parameter is determined automatically based on the
operation of the pushrod.

Now, from a large amount of data, it is necessary to make a "list". As can be seen from Table 2, it contains
slabs heated in different furnaces. Therefore, at the next stage, it is necessary to form a list for each furnace.
In a separate sheet, create what is displayed in Table 3, and create in the same way for the rest of the furnaces.
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Table 3
Formation of a list for the methodical furnace Nol
MP-1
Line Number Checking the furnace number Number in the «List»
-1
-1
-1
-1
-1
6 1 1
7 1 2
-1

For each column, the following is used:
1. Line number. In the same column, the formula (1), an example for the first row, is used. The «value -
1» means that the line does not belong to the method furnace Nol, and if it does, then the number is indicated.

= IF('Furnace Number'!$B2 = 1;'Furnace Number'! $A2; —1) (1)

2. Checking the furnace number. In the same column, formula (2) is used, an example for the first row.
The value "-1" means that the line does not belong to the method furnace Nol, and if it does, then the number
1 is indicated.

= [F(A2 <> -1;1;") )

3. Number in the «List". In the same column, formula (3) is used, an example for the first row. Those
lines that do not belong to the first furnace are left blank, and those that belong are assigned a number in order
for calculations.

= [F(A2 <> —1;SUM($B$2: B2); ") ?3)

After the formation of the «List», we proceed to calculations. For about the first 30 lines for each furnace,
the data cannot be calculated, because the method is calculated according to the logic «slab output = planting
of another slab". The total length of the furnace working area is 35464 mm, i.e. the slab fit into the furnace is
determined by the moment of discharge of the previously issued slab that has passed this distance. In some
cases, when one slab is delivered, two slabs can enter the continuous furnace at once, so it is necessary to make
calculations separately for each case. Actually, this is the reason for using Excel, because it takes a lot of time
to calculate all these rows every time. There is information that the maximum width of a slab is 1500 mm, so
at least 23 slabs can be in the furnace at the same time. This can be determined from formula 4.

T=% (4)

where, T is the minimum number of slabs in the furnace. The result must be rounded down, because when
rounded up, the slab is already issued and is not in the furnace;

L is the length of the furnace working area, mm;

S is the maximum width of the slab, mm.

Results and discussion

A method has been developed for calculating the residence time of slabs in continuous furnaces based on
real data. Based on the above formulas, it is possible to create a semi-automatic process, where a person will
only need to enter the initial data:

1. Information from the database
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2. Characteristics of the length of the furnace working area

Table 4
Calculation for determining the time of entry into the continuous furnace (example of already
obtained data)
Time of entry X
Tempera | Tempera | Tempera [ Tempera | Tempera R . Heating
Heat Party Furnace Steel turein | turein | turein | turein | turein |nt.o the .Tlme of Time,
Number | Grade continuous issuance .
Zonel | Zone?2 | Zone3 | Zone4 | Zone5 h:min
furnace

242240 20983 1 08kn 1195 1099 1285 1120 1165 ]04.10.2024 09:06(| 04.10.2024 12:00| 02:54
242240 21001 1 08nc 1201 1104 1279 1111 1157 |]04.10.2024 09:16(04.10.2024 12:44| 03:28
242240 21001 1 08nc 1201 1104 1279 1111 1157 ]04.10.2024 09:25|04.10.2024 12:49| 03:24
242240 21001 3 08nc 1172 1011 1267 1137 1237 ]04.10.2024 08:39(04.10.2024 13:12| 04:33
242240 21001 2 08nc 1233 1044 1292 1088 1235 |04.10.2024 08:44(04.10.2024 13:17| 04:33
242240 21001 1 08nc 1201 1104 1279 1111 1157 ]04.10.2024 09:37(04.10.2024 13:20| 03:43
242240 21001 3 08nc 1172 1011 1267 1137 1237 ]04.10.2024 08:39| 04.10.2024 13:23| 04:44
344345 20984 2 08kn 1233 1044 1292 1088 1235 |04.10.2024 08:48(04.10.2024 13:25| 04:37
344345 | 20984 1 08kn 1201 1104 1279 1111 1157 ]04.10.2024 09:48(04.10.2024 13:28| 03:40
344345 | 20984 3 08kn 1172 1011 1267 1137 1237 ]04.10.2024 08:48(04.10.2024 13:31| 04:43
344345 | 20984 2 08kn 1233 1044 1292 1088 1235 ] 04.10.2024 08:52|04.10.2024 13:33| 04:41
344345 | 20984 1 08kn 1201 1104 1279 1111 1157 ] 04.10.2024 09:48| 04.10.2024 13:35 03:47
344345 20984 3 08kn 1172 1011 1267 1137 1237 ]04.10.2024 08:51(04.10.2024 13:38| 04:47
344345 20984 2 08kn 1233 1044 1292 1088 1235 |04.10.2024 08:58(04.10.2024 13:40| 04:42
344345 20984 1 08kn 1201 1104 1279 1111 1157 ]04.10.2024 09:55(04.10.2024 13:41| 03:46
344349 20985 2 08kn 1233 1044 1292 1088 1235 ]04.10.2024 08:58( 04.10.2024 13:43| 04:45
344349 20985 3 08kn 1172 1011 1267 1137 1237 ]04.10.2024 08:58(04.10.2024 13:43| 04:45

As a result of the fact that the methodology has a digital format, it adds the ability to interact with other
electronic databases. For example, this opens up the possibility of determining the exact temperatures affecting
the slab, on the basis of which it is possible to analyze and determine a more accurate framework for the slab
in each zone, taking into account temperatures. Table 4 provides an example of the final result when using this
methodology.
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KbI3Y Y3aKThIFBIH aHBIKTAY d/ici

Excel 6armapiamachin KOJIIaHA OTBIPBIN, Y3AiKCi3 MemTepaeri mjaMaapAbIH HAKTbI

Oty memriHaeri muUTaMAapabl KbI3ABIPY Y3aKTHIFBI BICTHIK WIEMAEY AWIPMEHACPIHIE OHACY
aNIbIHAA JalbIHIAMANIAPIbl TEPMIBUTBIK JalbIHIAYIBIH HETI3Ti MmapaMeTpiepiHiH Oipi GOJbII
Tabbuanbl. CTaOThIH KaJbIHABIFBIH, QUTHHT TYPiH, KBI3IBIPY TEMIIEPATYPACKIHBIH PEXKIMIiH KOHE
MEINTiH IU3aifHBIH €CKepe OTBIPBIN, OHTAMIIBI eMec KbI3ABIPY Y3aKTBHIFBI CIa0TBHIH TOMEH
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SHTANBIMACHIHA, CITA0THIH OipKeNKi eMec KBI3YbIHA JKOHE HOTHKECIHIE WiIeMIeY 'KaOIbIFbIHBIH
OY3BUTYBbIHA JKOHE JIaliblH OHIMHIH CalachlHBIH TOMCHJICYIHE oKenei. MeTalIblH Y3aK YaKbIT
IIaMaJiaH ThIC 9cep €Tyl MacIITa0ThIH )KOFapbLIaybIHA, OTBIHHBIH YTHIMCBI3 TYTHIHBLTYBIHA KOHE
Kaccajla akaynapjblH Taiaa OonyblHa okeneni. bipkartap epliepJe >KbUIBITYIBIH HAKThI
Y3aKTBIFBIH aHBIKTAY 3aMaHayd Oakpuiay KyHenepiHiH OonMaybIMEeH >KoHe opOip HaKThI
KYWMaHBIH TYHJBIPY YaKbIThl Typalibl CEHIMJ aKnmapaTThlH OOJIMaybIMEH KUBIHAAWILL by
JKYMBIC OeTOENTiHIH HaKThl yaKbITHI TypaJbl akmapaT OojiMaraH Ke3le Y3IIKCi3 IemTepe
OomynbIH (KeI3ABIPYIBIH) HAKTHl Y3aKTHIFBIH aHBIKTAY OIICIH o3ipieyre apHamrad. Wimekrey
LEXBIHBIH WTEPTIll TYPIHAETI TEXHOJOTHSUIBIK TEIITe NUIAMIAPbl KBI3ABIPYIbIH HAKThI
V3aKTBIFBIH aHBIKTAY 9JIiCI KapacTBHIPBUIFaH. by ofiCTI KOJAaHy YIIIiH KeJIeci MOJIiIMETTEp KaKeT:
NIYHKBIPIIAP/BIH €Hi, TEXHOJOTHSUIBIK TMEIITeH MIBIFYy YaKbIThI, IEIITIH JoJI OJIIeMIepi.
Monimerrep Ga3achblHaH IUTUTAJIApPAbIH €HI Typaibl, COHIA-aK olapAbl Y3OIKCi3 HemTeH oepy
YaKbITHI TypaJibl aKmapar ajayra Oomanmbl. Y3MIKCI3 MEHITIH HAaKThl OJIeMaepl OpHaTy
chI30achIH/IA KOPCETINTreH. OAeTTe MYHAAN MalliMeTTep 0azackiH/a OipaeH OipHeIIe e Typasbl
aKnapar KOJIIaHbUIIbl, OyJ1 Makaiaga 0i3 yII ofiCTeMENiK MEeIITiH JePEeKTEPIMEH >KaFaanIbl
KapacTeipaMbI3. Excel keMeriMeH mporecTi mudpianaslpy ajgaM KateciH KOCIaraHia, KaXKeTTi
HOTIDKEHI THIMIPEK aimyra MYMKIiHAIK Oepeni. Mpicanbl, akmaparteH 6000 >KOTBIH KaMTHUTHIH
MoJIiMeTTep 0a3achl KONITaHbLTA b,

Tytiinoi ce30ep: omiCTEMENIK T, d9AicTeMe, KbI3bIPY Y3aKTHIFBI, €xcel, mpomecTi xapThiiaii
aBTOMAaTTaHABIPY, c1adTap, excel popmyrnanapsl, nudpranasIpy, MPOKAT OHAIPICI.
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Croco0 onpeneneHust pakTHYeCKOH NMPOAOKMTETHLHOCTH HATPeBa CJsI00B B Mme4yax
HeNpPEepPBLIBHOIO JeiiCTBHS ¢ HCII0Jb30BaHHeM nporpammel Excel

[IpomomxuTenbHOCTS HarpeBa CiII00B B NPOXOAHOW I€YM SBJSIETCS. OJHMM U3 KIIFOYEBBIX
napaMeTpoB TEPMUYECKOH MOATOTOBKH 3aroTOBOK Iiepes oOpaboTKOH Ha cTaHaxX Topsuei
npokaTkH. [IpoJomKuTeTbHOCTD HarpeBa, MEHbIIast ONTUMAJIbHOM, YUUTBIBasK TOJNIIMHY CIsi0a,
TUI MOJATOHKH, TEMIIEPATYpPHBIM PEXHUM HarpeBa M KOHCTPYKLHIO II€YH, NMPUBEAET K HHU3KOU
SHTANBINU cisi0a Ha BBIXOJE, HEPaBHOMEPHOMY HAarpeBy clisiba W, Kak CIEeICTBHE, K MOJIOMKE
MPOKAaTHOTO OO0OpYIOBaHMS W CHIDKCHHMIO KadecTBa TOTOBOHM mMpoayKuuu. JlnuTenbHas
nepeaepKka MeTajla IPUBOAMT K YBEIHMUCHHUIO OKINHBI, HEPALIMOHAIBHOMY PacXoy TOILUINBA
U TIOSIBJICHUIO Ie()eKTOB Ha npokare. OnpeaeneHne GpakTuieckoi MpoIoDKUTEIBHOCTH HarpeBa
Ha psAJe CTAHOB OCITIOKHSAETCS OTCYTCTBUEM COBPEMEHHBIX CHCTEM OTCIICKUBAHHS U JJOCTOBEPHON
nHGOPMALMK O BPEMEHH OTCTOSA Ka)KIOI'0 KOHKPETHOro ciuTka. JlaHHas paboTa MOCBALICHA
pa3paboTke MeTona ompeneneHnus (HaKTHISCKOW TPOIOKUTEIIBHOCTH TIpeObIBaHUS Clis0a
(HarpeBa) B mevax HEMPEPHIBHOTO ACHCTBHS MPU OTCYTCTBHUM WMHPOPMALUH O (HaKTHIECKOM
BpEMEHHU 3akiaaku. PaccmMoTpeH crmocob ompeneneHus (aKkTHUECKOH MPOJOIKUTEIBHOCTH
Harpesa cisiI0O0B B TE€XHOJOIMYECKOH MEeYM TOJKATEIbHOTO THIIA JIMCTONPOKAaTHOro mexa. s
WCTIOJNB30BaHMS ATOTO METOAA TPeOYIOTCS CIEAYIOIINE JaHHbIe: IIMPHUHA cISI00B, BpeMs BBIX0O/1a
W3 TEXHOJOTMYECKOH Ie4M, TOYHBIE Pa3MEephl MPOXOAHOW meuu. M3 0a3bl AaHHBIX MOKHO
MOJYYUTh HHGOPMALIUIO O IIUPHHE IUINT, a TAK)KE O BPEMEHH MX BbIIA4X U3 TIEYH HETIPEPBIBHOIO
neiictBusl. TouHble pa3Mepsl EUU HEIPEPHIBHOIO ACHCTBUS yKa3aHbl Ha YEPTEXKE YCTaHOBKH.
OOBIYHO B TaKUX 0a3ax JaHHBIX UCIOJb3YETCsI MH(DOPMAIIUS Cpa3y O HECKOJIBKHX Teuax, B TOU
CTaThe Mbl PACCMOTPUM CJIydail ¢ JaHHBIMH O TPeX MeToandeckux nedax. Ouudposka mpouecca
¢ momompeio Excel mo3Bomser Oomee >(pPeKTHBHO TOMydaTh IKEIAeMBIA pPeE3yibTaT C
HCKITIOUCHHEM dYelloBedeckoi ommoOku. Hampumep, ncnonp3yeTcs 6aza MaHHBIX, COAEpIKaIias
6000 cTpok uHpOp™ManUy.
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Knrouesvle cnosa: merommdeckass Tiedb, METOIMKA, IPOIOJDKUTEIBHOCTh HarpeBa, Excel,
MoJlyaBTOMaTH3alMs  mpoiecca, cisgd, ¢opMmyasl Juis  excel, onudpoBka, NTPOKATHOE
MIPOU3BOJICTBO.
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