Inter Stand Cooling
In Hot Strip Mill



ITA

A |ISC Motivation
S

Reach the desired (target) Exit Rolling
Temperature for the whole product mix

Keeping the constant temperature lengthwise
(Elimination of skid marks and other
temperature inhomogenities)

Increase of the productivity of the mill
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ITA

technology & software

Conditions for proper function of ISC

Hardware — Efficient cooling headers, water system

Software — Control system of ISC working either within Level 2
or separately
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ITA

technology & software

Demands on Cooling Headers

Sufficient Cooling Power (HTC)

Easy flow rate control

Long service life time

Easy maitanance
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Investigation of cooling headers
Laboratory stand
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Heat transfer coefficient

technology & software
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ITA

technology & software

Computer simulation of cooling abilities
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ITA

Headers with nozzles (Solid Jet)
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ITA Designed upper cooling headers
technology & software Wlth COnlcaI nOZZIeS

Top side
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ITA

Control system of ISC
-

a) In existing Level 2, working on
process computer

b) Independent control system
working on separate computer
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technology & software

Scheme of the control system ISC

A 4 y

Existing
Level 2

Long term | | Short term
adaptation | | adaptation
speed

V-Controller T-Controller

MO MMM

Finishing mill

SET UP -ISC

Roughing mill
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Setup of ISC

ITA

technology & software

- Pyro behind RM Pyro behind FM
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Temperature behind RM

Temperature (°C)

Exit temperature
without cooling

—

v Target exitTemperature
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technology & software

Practical Experience

Practical Experience

(2000 mm hot strip mill)
1. Thin Strips
2. Thick Strips

3. Productivity

6" stand 7" stand 8" stand 9" stand 12" stand

10" stand 11" stand

1 3 5 7 9 11 13 15 17 19 21 23

= = = = = =

— = — = —_

2 4 6 8 10 12 14 16 18 22 26

rolling direction
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technology & software

TR - el bl bl e e e e e e b e
ID=24620202 A

ID=24620201 A Tl = 1078.47 v
ID=24620105 A ﬂ
ID=24620104 A

Thin strips (thickness 3 mm)

L LLT]

ID=24620103 A CKDpDCTb (MfCEK) MDLLI'HDCTb y Mpoxoa 1 Mpoxoa 2 Mpoxoa 3 Mpoxoa 4 Mpoxoa 5 Mpoxoa & Mpoxoa 7
ID=24620102 A 1210 10 TOMWHHA (M) 19.1 11.2 73 5.3 4.2 3.4 3.0
ID=24620101 A : : ofkaTHe % 0.610 0,532 0.437 0,307 0,243 0.zz22 0,093
:g=§:g§ggg;g 1180 y 08 |Temn. Moaens 1005.7 956.0 928.2 914.6 a02.1 59,7 877.4
ID=24620005 A | 06 Temn. Siemens 973.8 9744 967 .4 951.3 934.5 915.6 §95.7
ID=24620004 A 11.20 04 |PeruaTemn.  |3L5 15.4 3.1 36.7 323 25.3 18.3
ID=24620003 A 1080 ‘ ¥eune 29.78 12.48 15.24 13.92 13.34 7.45
ID=24619101 A ’ 02 MaomeHT 241 051 0,44 0.3z 0.25 0.1z
gt | os I
ID;2451 9903 A 0.00 0.16 0.32 0.43 0.64 0.80 1.00 CMasKa P4 X X X b
ID=24619902 A Temn. PE 4.0 46.0 4z2.0 40.0 34.0
ID=24619901 A Paanyc PB 0,404 0,405 0,406 0,334 0,343 0,334
ID=24619702 A Temnepatypa (J\ 24519603
0snc
Beh : nd RM /\/ 35.20,1.58, 78.92
TD=ZAGTIEUT A om0 _~ i i i i _ 3.04,1.8, 90216
ID=24619503 A |
ID=24619502 A 0.00 016 0.32 0.48 0.64 0.80 1.00 1078.47
ID=24619202 A F : 2847
7L IE S — TR
ID_24619407 A RETHR WNpscueTHaR  B50.73, 85033, 65013
- 893
ID=24620703 A
THN MaKE OTKOHEHWE: 037
HUMCOCTRE: C =007 5 =001 Mn=028,
P=001,5=001, Al=005,
M =0.00, Cu = 0,02, Cr = 0.02,
Mi=0.01,5n=000,% =000,
_______________________________________________ Ma = 0.00, Ti = 0.00, Mb = 0.00,
H=0.00 Co=000%=000
529 -JA1/ } } } } } +—
0.00 016 0.32 0435 0.64 080 1.00
JaHa (%)
-——ID = 24620202 A ~
Input data modified —
Target too low, Requited TMax:860 000000, TMin:830.000000, Target 845 000000 Set Target: 845 000000
SetlUp PEOELEM - Target: 845 000000 MaxDeviation: 24. 273627 =
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Thin strips (thickness 2.5 mm)

technology & software

ITA

B | [ Ry [ Sy S [ s S YR N
ID=24723405 A

ID=24723404 A T1 = 1092.53 v
1ID=24723403 A ﬂ

ID=24723402 A

ID=24723411 A CKDpDETb (M‘,.EEK) MDU_I'HEIETb y Mpoxoa 1 Mpoxoa 2 Mpozoa 3 Mpoxon 4 Mpoxoa 5 Mpoxoa & Mpoxoa 7
ID=24723410 A TONUHHE (M) 18.3 10.4 6.5 4.8 3.6 2.9 2.5

1D=24723409 A 1235 1o ofixaTHe % 0.666 0.566 0.461 0.315 0.276 0.236 0122
1D=24723408 A 12.00 08 |Tewn. Mogsne [958 950.4 921.7 905.6 91,2 577.2 63,1
:gzg:;gg:g; Q 1150 0 |Tetn. Siemens 981.3 968.8 949.5 938.3 921.3 903.1 833.0
1D=24723301 & 04 Pastiua Tewn, -1.8 18.4 27.9 32.7 30.1 25.9 19.9
1D=24723202 A 11.20 Yeune 26,14 27.02 18.97 15.28 14.65 14.35 7.50
ID=24423201 A l 0.2 |moment 2.33 1.55 0.73 0.45 0.38 0.31 014
ID:nggq A L \ o ONEpEkEHHE

ID=2122 %
ID=2¢y23003 A

ID=2%723002 A
ID=28/23001 A
D=2 22906 A
D=2@ 28R -
ID=2822502 A
ID=28722501 A
ID=28122401 A
ID=2£ 2307 A
ID=2§2
|D=wzgm 7
D=7 22304 A
ID=2%/22303 A
ID=2#722302 A
ID=§H223I]1 A

1D= 2@?(2
1D=24721301

ID=24721207 A

ID=24721206 A + 5°C Measured ERT

Computed ERT without cooling

Target Tolerance (+10°C)

1D=24721205 A
1D-2472 Target Temperature
ID=24?2§2€d

1D=24721202 A
1D=24721201 A
ID=24724511 A
1D=24724510 A

ID=2472
ID=2472 83008 Target Tolerance (-10°C)

ID=24724507 A
ID=24724506 A
ID=24724505 A

Computed ERT with max cooling

A
1D=24722307 A

DI

81 0 7 "SetUp OK - Target: 845 TU000UT MaxDewviation: [.0Z 1420 T T

0 0,2 0,4 0,6 0,8 1

| - : —Strip relative Tength ‘
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technology & software

ITA

Thick strips (thickness 16 mm)

ID=25732101 T
ID=25732001 T
ID=25732301 T
ID=25732201 T
ID=25740003 T
ID=25740002 T
ID=25740001 T
ID=25738308 T
ID=25738307 T
ID=25738306 T
ID=25738305 T
ID=25738304T
ID=25738303 T
ID=25738302 T
ID=25738301 T
ID=25739302 T
ID=25739402 T
ID=25739401 T
ID=25737902 T
ID=25737901 T
ID=25761702 T
ID=25761701 T
ID=25761614T
ID=25761613 T
ID=25761612 T
ID=25761611 T
ID=25761610 T
ID=25761609 T
ID=25761608 T
ID=25761607 T
ID=25761606 T
ID=25761605 T
ID=25761604 T
ID=25761603 T
ID=25761602 T
ID=25761601 T
ID=25758012 T
ID=25755008 T
ID=25752302 T
ID=25752101 T
ID=25764802 T

TL = L095.33 1] v
CKOPOETE (MICEK] MaWHOETE ! Mpoxoa 1 Mpoxoa 2 Mpoxoa 3 Mpoxoa 4 Mpoxoa 5 Mpoxoa & Mpoxoa 7
254 15840 TORWHHA (MH) 33.5 27.0 22.9 2003 182 16.8 15.9
240 12000 obwaTHe % 0,263 0,215 0,165 0122 0,108 0,083 0.051
200 000 Tewn, Moaenks 1066.2 1030.0 995.4 963.3 936.2 9058.5 891.6
Temn, Siemens 1030.2 1013, 954.3 943.6 925.2 910.6
2.00 4008 PasHmua Temn. -36.0 1.0 7.3 16.7 19.0
183 no Ve 20,25 . 13.20 14.10 13.73 5,99
MomerT 1.36 0.74 0.55 0.55 0.56 0.41
CnepeseHHe
TemnepaTypa (C) Cmazka 4 4 4 s X
1115 Temn, PE g1.0 46.0 44.0 40,0 36.0
. I//__ Paanyc PE 0,404 0,408 0,406 0,334 0,345 0,334
0.0o 016 0.32 0.45 nE4 0.80 1.00 12322105 —
Temepatypa (2] 4361,1.8 5360
ams - 1592, 1.8,145.97
920 1 HEHKE TS |\-1ar<1u:lj.:95-33 -45.33
2 - . L2:1050.00
04 - spaHHas  G60.00
896 ACHETHE A 960558, 538.80, 569.90
855 -
880
el . A OTHOHEHWE: 5.890
864 T
G56 -+
L e R Sy el =004, =0 = 000,V = 004,
aag £ Wio = 0.01, Ti = 0.00, Mb = 0.04, L
0.00 B =000, Co=000 =000
PesyneTaT AHMAMHOCTHEN NONOCEL IMtolerance, Length +-10°C 54317911 Percent W
DneHa (%) o
™™ D = 25732101 T ”~
Input data OK N
Adaptation Ist-50ll 0.004765, abs(lst-Soll) 5. 716782

| £
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Thick strips (thickness 16 mm)

technology & software

ITA | | e e e | e | e | e | e s T s T N

ID=25¥32101 T
- A4

ID=25732001 T | - 109158 ’]
:g:gg;gggg: l CROPOCTE [MCEK) MalHIETE i Mpoxoa 1 Mpoxoa 2 Mpoxoa 3 Mpoxoa 4 Mpoxoa 5 Mpoxoa & Mpoxoa 7

- . 1saan0 | Tonuna (e 33.3 26.9 22.9 203 18.2 16.8 15.9
:gzgg;:gggg l San ta0np | ofaTHE % 0261 0,214 0,164 o.iz1 0,107 0,052 0.051
ID=25740001 T ' aunn. Temn. Mogens 1053.8 10 954.2 952.9 9239 H96.6 61,8
ID=25738308 T 220 ’ Temn. Siemens 1025.5 985.7 953.8 935.5 917.6 903.3
ID=25738307 T 200 00 e watenn,  |-28.0 15 6.2 1.6 21,0 216
:gfgg;ggggg $ 158 oo Yenne 21,12 13,72 13.48 14,49 14,15 10,26
ID;25?33304 T MOMeHT 1.4 0.75 0.58 0.59 0.57 0.41
ID=25738303 T OMERERAEHIE
ID=25738302 T TenmepaTypa (C) Craska X X X X X X
ID=25%738301 T 1107 Temn, PB 55.0 51.0 46.0 43.0 40.0 36.0
ID=25739302 T 1 Paaryc P 0404 0.408 0.406 0,334 0.348 0.3
1D=25739402 T 1036 } } } t t =] Kom >5736308 ¥
ID=25739401 T 000 016 03z 043 .54 na0 100 ” P =
1D=25737902 T 166
ID=25737901 T
ID=2%761702 T Temepatypa (C) akata 4328 1.8, 53.08
ID=25761701 T a7 - NONoCEL 15.92,1.8,145.97
ID=25761614T T

_ WamepeHHaa:  1091.58
ID=25761613 T 636 T TENOHEHWE TS MSKG -4 58
ID=25761612 T " Tros. L2:1050.00
ID=25761611 T M S5 EHHE A: 860,00
ID=2h761610 T 880 -+ Tkn pacueTHas 85557, §37.06, 867 6O
ID=25761609 T g7z &
ID=25761608 T
ID=25761607 T e T
1D=25761606 T 836 +
ID=25761605 T 4 + R EreT LT L L PP PP e T P P T P P T PP LT EPEPEPRTPEPPRTPERD N=0.01, Cu= 002, Cr=002,
ID=25%761604 T Mi=0.04, S0 = 0,00,V = 0.04,
ID=25761603 T ar T — Mo =001, Ti = 0,00, Mb = 0.04, L]
ID=25761602 T 000 100 B=0.00, Co = 0.00,WW = 0.00
ID=25761601 T PesynbTAT AMAMHOCTHEM NONOCHL OUT of talerance, Length +-10°C 81 916891 Percent £
ID=25758012 T Anania (%) B
ID=25755008 T D = 25732101 T »~
ID=2h7562302 T Input data 0K .
ID=25h752101 T Adaptation Ist-50ll 0004765, abs{lst-Soll} 5. 716782 -
1D=26764802 T -
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Increase of productivity

sty s Velocity 14 m/s (2mm strip)

#+ M3obpazurens MKOD - [Over: — |5‘|1|
OBWKA EMA MoMoLE == =

ID=25170602 £ 8 80 & Bl Pl

I 5160603 52 T1 = 1103.65
ID=25160602 T

ID=25160603 31

Damn

ID=25170601 T CKDpDCTb (M.-"CBK) MDLU'HDCTb ! |I'Ipoxo,u. 1 |I'Ipoxo,u.2 |I'Ipoxo,u.3 |I'Ipoxo,u.4 Mpoxoa S II‘IpoxonS Mpoxoa 7
ID=25160602 52 TONLWHHE () 19.1 R 5.9 4.1 3.0 2.3 2.0
ID=25160601 T 1377 1140.0 ofikaTHe % 0.596 0.691 0,465 0,369 0.316 0.242 0,157
ID=25160602 51 Tern. Mogens | 977.1 951.3 930.3 911.7 892.5 874.2 855.8
ID:251 70503 T 12.80 800.0 Temn, Siemens rr Q69,1 67,1 49,4 931.0 911.5 5593
ID=25160601 52 B00.0  |pastua Temn 0.3 17.8 36.8 37.7 38.2 373 33.5
ID=25160503 T 12.00 . . : : : : : :
ID=25160601 S1 400.0 ¥oHne 29.47 15.34 15.58 15.47 14.86 10,37
ID=25170502T 11.20 200.0 MomeHT 2.04 1.79 0.56 0.4 0.35 0.2a 0.15
ID=25160503 52 10,59 oo Onepeserne
ID=25160502 T ; . ) J - e e e e e e ¢ *®
ID=25160503 S1 0.00 0.16 0.32 0.43 0.64 0.e0 1.00
ID=25170501 T Temn, PB 65.0 62.0 52.0 45.0 41.0 37.0 33.0
ID=25160502 S2 Paamyc PB 0.425 0.404 0.408 0.406 0.333 0.348 0.33%
ID=25160501 T TemnepaTypa (C) Kog nenockt: 25170802 =]
ID=25160502 S1 Mapka cTanm: CT3Cn
ID=25170402 T 1126 ¢ Homep canm: 4
ID=25160501 52 Moo 1 Pasniep nogkaTa:  34.66,1.8,81.76
ID=25160402 T 1079 Pasmiep nonocel: 2.03,1.8, 1358996
ID=25160501 51 ¥ i ¥ i i =
ID=25170401 T 0.00 0.16 0.32 0.48 0.64 0.80 1.00 TS WamepeHHaa: 110365
ID=25160402 52 CTKAOHEHKE T3 MEKS. -53.65
ID=25160401 T THos. L2:1050.00
'szm 60402 51 Temepatypa (C) $:: ;:ii;:i:a ggggg, 829 63, 847 43
ID=25170301 T &70
ID=25160401 52
ID=25160301 T 864 T TKMN MaKEC OTHOHEHWE: 570
ID=25160401 51 256 HMMCOCTSE: C =015 5i=018, Mn =047,
ID=25160301 52 F=001,5=002 & =003,

_ M =0.00, Cu = 0.08, Cr = 0.04,
:g;gg: gggg? ;1 Mi = 0104, Sn = 000, % = 000,

B Mo = 0.01, Ti=0.00, b = 0.00,
ID=25170204T B =0.00, Co = 0.00, ¥ = 0.00
ID=25160205 52 PesyNeTaT AMaMHOCTHEKW NONOCEL IM tolerance, Lendgth +-10°C 87 060954 Percert
ID=25160204T
ID=25160205 51
ID=25160204 S2 ae 1
ID=25160203 52
ID=25160202 T v
ID=25160203 31
ID=25170201 T soo0
ID=25160202 52 a2 \/
ID=25160201 T
ID=25160202 51 an T , ' , , , -
ID=25160201 52 0.00 018 0.32 048 064 0.0 1.00
ID=25160201 51 x
ID=25160103 T Amana (%) | ¢ | b

** ID = 25170602 T 3

Input data QK
Adaptation Ist-5oll -0 008008, abs{lst—Soll) 2. 027004
Adaptation OK - old: 0.891302,0.349907,2_103285,0.820068,1.089539 new : 0.909510,0.349907,2.104116,0.820091,1.089539

o o

:b'startl |7 qag | |7 Log | | Start Manu | % watchDog || M3o6pasHTens MKO - ... A ISC | |mm SR FE > 1152
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Increase of productivity

casanoey 8 cauas Velocity 17,4 m/s (2mm strip)

s zofpazuTeas MKEO - [Overview]
dann  Obwkn ena Momowe

ID=25160704 OiAat® 700
ITA i‘?ZZj i‘?ZZj i‘?ZZj H i‘?ZZj H i‘?ZZj i‘?ZZj i‘?ZZj i‘?ZZj i‘?ZZj i‘?ZZj i‘?ZZj i‘?ZZj U Fiy

ID=25160717 T
ID=25160716 T [T+ = 1099-%4 I
:gfgg} gg;: i ¥ CKOpOCTE (MiCeK) MawHoCTE | Mpoxoal  (Mpoxoa 2 | Mpoxoa 3 |Mpoxoa4  [MpoxoaS | Mpoxoa 6 (Mpoxoa 7
ID=75160713 T 1739 17280 | TOMWHHS (1r) 18.8 9.2 5.8 4.0 2.9 2.3 2.0
ID=25160712 T 16.00 ofathe % 0.612 0,710 0.462 0,379 0,300 0,233 0,141
ID=28160711T Temn. Moaenk 9944 959.9 929.1 03,2 52,9 §70.0 §55.6
ID=25160710 T Temn, Siemens 965,2 951.5 9544 46,2 930.0 09,0 854.3
ID=25160709 T  fi Pasivua Tewn, | -29.2 1.9 5.3 43.0 47.5 39,0 28.8
:gzgg} gg;gg ¥ T @ — - ¥oune 29.69 31.85 15.46 17.26 15.15 13,92 12.19
= EMNEpSTY RS
ID=25160706 T MopenT 7\ 14 [EE n4 0,34 0.26 019
ID=25160705 T gano0 T
ID=25160704 T b4 4 b4
ID=25160703 T 41.0 37.0 33.0
ID=25160702 T 0.333 0.348 0.33¢
ID=25160701 T ¥
ID=25160613 T ] ° —
ID=25160612 T
ID=25160611 T 10 C
ID= 2T BB D T | [ i rmms T R S
ID=25160609 T
ID=25160608 T 480 T+
ID=25160607 T
ID=25160606 T
ID=25160605T
L 1 111 1 I
8320
160
: PesynbTaT AMaHoCTHEKM NONach IM tolerance, Length +-10°C  §1.736455 Percent v
Drava (%) o
™ ID = 25160717 T fad
Input data OK -
Adaptation Ist-5oll 0.174955, abs{lst-Soll) 4.193272 v

ITA Ltd. Martinska 6, Ostrava, Czech republic www.ita-tech.cz



technology & software

Gann  Obwd Bra  Momows

ID=25160716 LixEadd s dwil

Increase of productivity

Velocity 21 m/s (2mm strip)

Tl = 1051.594

I’ZZZJ }ZZZJ }ZZZJ H |°7ij H |’PZZJ I’PZZJ I’ZZZJ I’ZZZJ }ZZZJ }ZZZJ }ZZZJ }ZZZJ U Ly

)]V

:gfgg: gg;:: g 1 CROPOCTE (MICEK) MOWHOETE i Mpozoa l  |MpoxoA2 |Mpoxea 3 |Mpoxoad  |Mpoxoa = |Mpoxoad & |Mpoxoa 7
- TONWHHE (M) 13.6 9.1 5.7 3.9 2.9 2.3 z.0
ID=26160713 T 2087 ¢ 17280
ID=25160712 T 1500 1 s afkaTHE % 0.619 0717 0.467 0,383 0,304 0.235 0.113
ID=25160711 T ] O |renn. vogene  |a77.0 943,4 921.7 &95.1 &a2.4 8694 856.0
ID=25160710 T 1400 1 8000 ftemn, Siemens | 955.3 954.0 9574 240.1 925.3 906.8 885.1
ID=25160709 T 1200 3000 Mpgatenn, |-zt 4.6 387 45.1 43.0 7.4 29.1
:gfgg:gg;gg$ 815 o o Ve 29.58 3103 15.12 17.15 15.72 14,89 10,85
ID=25160706 T MarenT 2,33 1.67 053 0,47 0.35 0.28 0.16
ID=25160705 T CEHIEHE
8917 T X X X
41.0 70 3z
0,333 0,348 0,334
~
gaon | =
gea0 |

3450 -\

8320 T

IT, Length +-10°C 75073432 Percent

£

(61 Beadrdtavé p... @ Testing_161... Micrt Ml Ukondit progr... & ARManager ...

& LY

L, eoite

o+ MzofipaskTen. .
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Comparison of cooling power

technology & software

(2mm strip)

181X
LIE |

. #sabpasrens MKD -

SkMa e s e

REEESFISRESERG=

:«’<\(’/‘/)“4\ /\>~>//<x,'}\’\/\

FAVAVAVAN \Xw-.a'

S

RO

§

52
ID=25160201 T
ID=25160202 51
ID=25160201 52
ID=25160201 51
ID=25160103 T

Velocity 14 m/s Velocity 21 m/s
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ITA

Problems

Phase transformation during rolling :

Due to phase transformation an additional heat is generated, that depends
on cooling rate, deformation and chemical composition of the steel. It is
extremly complicated to reach the temperature tolerance in some steels

rolled in party ferritic region.

Strong skidmarks (old type furnaces) :

Temperature waves greater than 30°C can be eliminated but control range is
considerably reduced.

Temperature waves greater than 40°C skidmarks cannot be fully removed
especialy in thick strips.
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technology & software

Recapitulation

Optimum solution of Cooling headers :

Nozzles with conical or flat beam

1800

Effects of controlled ISC;

In thin strips (thickness less than 4mm) deviation +/- 7 °C
In thick strips (thicker than 10mm) deviation +/- 12 °C
Increase of rolling velocity in thin strips 30%
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