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1 : Data access to MetTwin. Front end is a standard web browser, login via two-factor identification to Primetals Technologies
in-house servers residing in demilitarized zone (DMZ). Data traffic is fully encrypted.
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2. DALY A Xelgeitkas (K 3BR) TEAMICHEMSNIERE S TS MER DG ERT .

X2 : Example for a hot rolling line with coil box (top) , an ESP line with 3 high reduction mill stands, induction heater and
5 finishing stands (middle) and a thin slab casting and rolling mill with tunnel furnace and 6 finishing stands (bottom).
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Special feature

X3 : Pictograms of aggregates used for assembling the Met Twin of a hot rolling or plate mill.
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[7]. [8]. [9] ICREHENIAERDAE CEHESND.

X4 : Web front end and example for pass schedule indicating feasibility in terms of stand loads (green fields below coil box
slightly right of the middle), bite angle is shown as near the limit at first rougher pass).

X5 : Corresponding rolling torque information (per individual pass).
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X6 : Grain size evolution indicating normal rolling part (roughing rolling steps 2-7) and
thermomechanical rolling during finishing passes (steps 12-17).

E7 : Summary on pass schedule information including reductions, rolling forces, torques, temperatures.
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BRI, A—ILXvF (Hall-Petch) 1R, R0V B E RN T. I DB RICKEL S NS HEMEY
ZTOIET A MEAND—RIED KDL ILFMENT MEPHESND [12],

X8 : Temperature (top left) and phase transformation (bottom left) course for a bainitic/martensitic steel cooled with interrupted cooling at
holding temperature 450°C and subsequent quenching to martensite. Corresponding bainite packet size evolution (top right) and yield
strength contributions of individual phases as well combined strength (bottom right).
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28 BISELE Ex ] BISELE 28 HISELE 28 BISELE &8 k304 28 BIELL | £8 | iEL 28 HISELE
20204FE | 239,478| A 383 655 A 61.6| 242,102 36.3| 119,947 19.8| 171,144 A 3.3| 88,859 A 27.2 6,466 22.4| 21,256| A 352
20214FE| 351,544 46.8 2,139| 226.6 83,300| A 65.6| 239,576 99.7| 219,040 28.0| 143,841 61.9| 9,398 45.3| 70,011 229.4
2022FE | 446,745 271 1,592| A 256| 237,511 185.1| 271,033 13.1| 247,730 13.1] 137,590 A 43 8,912 A 52| 40,112 A 427
20204 | 362,300 7.2 931| A 37.4| 318,806 205.4| 108,237 29| 166,481 | A 10.3| 97,219| A 125 5,489 0.9| 23,556| A 359
20214 | 261,752| A 278 2,039 119.0 89,576| A 71.9| 219,509 102.8| 217,611 30.7| 137,859 41.8 9,342 70.2| 56,179 138.5
20224 | 435,592 66.4 1,327| A 349| 192,923 115.4| 272,101 24.0| 239,592 10.1| 156,330 134 9,418 0.8| 44,968| a 20.0
2022%7~9A8 88,075 68.0 332 A 557 25,022 27.8 73,179 1.4| 63,201 37.4| 32,499 A 20.9 2113 A 44 6,687| A 175
10~12AR 97,565 12.8 244| A 64.0 79,981 181.1 56,466 26.0| 65,487 22| 44,953 A 118 2,350 A 50 5,837| A 842
2023%1~3A| 182,460 6.5 595 80.3 67,786 192.2 54,577 A 19| 57,721 16.4| 15572| A 546 1,901 A 21.0| 16,271| A 23.0
4~6AR 95,568 21.5 644 53.0 20,134| A 68.9 52,176| A 39.9| 49,053| A 20.0| 25,688 A 424 1,824| A 284| 15,609 379
7~9R| 103,137 171 431 29.8 25,828 3.2 51,767| A4 29.3| 51,383| A 18.7| 16,286| A 49.9 1,926| A 88| 27,990 318.6
2023.4~11%5t| 238,373 0.0 1,290 40.5 62,833 A 393| 116,646 A 425| 127,953| A 21.5| 55844| A 46.3 4,856 A 229| 47,142 123.4
2023.1~1185t| 420,833 2.7 1,885 51.0| 130,619 3.1| 171,223| A 33.8| 185,674 A 12.7 71,416| A 484 6,757| A 22.4| 63,413 50.2
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VA A4 42| 11,343 A 504 7 6 A 857 129 8,875 326 28| 2952 A 766| 1,344| 7,738 A 31.1
H *® 13| 3,777 257.0 1 13 A 188 4 238 A 531 3 122 212.8 154| 1,165 A 446
I—ov N 11| 1,074 377.3 3 5 - 9| a147 A 1209 11 380 A 144 462 359 A 65.0
7 XxUH 13| 4,470 A 716 0 0 - 14 686 A 371 34| 2507 739 591 487 31.3
M7 XU 2 530 246.4 0 0 — 4 18 500.0 2 172 A 558 22 72 A 217
77 U%h 1 322 585.1 3 3 A 014 4 4 33.3 1 15 A 913 44 67 A 576
A€T7=7 2 77 A 60.9 1 2 100.0 0 0 A 100.0 1 25 A 38 14 200 17182
ov7 - /iR 2 539 A 974 0 0 - 1 9 325.0 3 40 A 149 7 400 54.4
& E 86| 22,132 A 637 15 29 A 691 165| 9,683 1.7 83| 6213 A 590| 2,638 10,488 A 312
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(e #HE &8 | MERAL | #H% &8 | MERAL | 4% &8 | MERAL | #H#8% &8 | MERAL | 48K 28 | MERAL
7 T 7 50| 5,044 A718 382 277 A 336 61 873 A 507 12| 2,533 A 533 389 6,008 A 722
L3l ®" 0 0 - 0 0 - 0 0 - 1 278 A 755 4 122 3966.7
I—Ov N 11 50 A 86.4 17 123 447 3 2 A 80.0 11| 2,439 A 523 327| 1,458 1769.2
k7 XxUH 4 146 A 535 23 158 A 42 25| 1,663 784.4 2 275 A 420 175 829 171.8
m7XUAH 2 40 344.4 2 18 A 3038 1 14 A 125 2 194 10.9 1 1 -
77 U%h 2 2 - 0 0 - 0 0 A 100.0 1 115 A 576 0 0 -
77 5 5 A 997 2 9 12.5 1 3 - 1 474 A 576 1 42 -
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& K 77| 5290 A 739 426 585 A 165 91| 2,555 28.1 30| 6,308 A 540 897| 8,460 A 615
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f 3 180| 5715 17.6 0 0 A 100.0 180| 5,715 A 51 7.6%

ER= RN 865| 5743 A 287 0 0 - 865| 5,743 A 287 7.6%

k7 XxUH 881 11,221 A 428 1| 2,134 — 882| 13,355 A 320 17.7%

m7XUAD 38| 1,059 227 0 0 - 38| 1,059 227 1.4%

77 U%h 56 528 A 279 0 0 - 56 528 A 279 07%

77 28 837 A 767 0 0 - 28 837 A 767 1.1%
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a B 4,508| 71,743 A 551 2| 3,806 A 539| 4,510| 75,549 A 550| 100.0%
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2020%f| 25634| 4548 66166 4155 91,800 4 320| 482210 139| 574,010 28| 32461 645 606,471 49
20214fK| 48,236 882| 65479 A 10| 113715 239| 503,767 45| 617,482 76| 32086 A12| 649568 7.1
2022%%F 47,709 A 11 65,054 A 06 112,763 A 08| 580,494 15.2| 693,257 12.3 26,894 A 16.2| 720,151 10.9
2020%| 26860| 4658 67,412| A242| 94272| A437| 537,198 66.6| 631,470 289| 31,385 A 48| 662855 267
20214 40,895 523| 55778 A17.3| 96673 25| 514263] A 43| 610936| A33| 31,182 4A06| 642118 A 31
2022%| 52829 292| 68655 23.1| 121,484 257| 479407| A 68| 600891| A16| 10771| A655 611662 447
202247~9A8| 11,710 200| 11,466 49| 23176 120| 142961 A227| 166,137| 4192 2346| A77.3| 168483 4220
10~12H8 12,773 31.4 18,305 175 31,078 22.8| 132,602 1.1 163,680 4.6 1,514 A 68.9| 165,194 2.4
2023%F1~3A| 10582 4326 21719 a142| 32301 A21.3| 179317| 1292 211,618 775| 19796  439.0| 231414 88.3
4~6H| 15339 213| 13301 A 19| 28640 93| 109172| a13.1| 137,812| A92| 37,823 1068.1| 175635 13.3
7~98| 14,399 230| 14,946 30.4| 29,345 26.6| 146,321 24| 175666 57| 5362| 1286| 181,028 7.4
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10A 5,254 2.2 4,346 A 99 9,600 A 37 25,470 A 99 35,070 A 83 744 165.7 35,814 A70
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42 = INDUSTRIAL MACHINERY 2024.2



(R2) RERKEOKEZTERR

(—fRAEEEA BAERE TR
EREA BAM WREL %

OATERBIERE @KEE AR IERE O HILRE @REERBBSIERE ®&F

(&%) (RIEELE) (£%) (RIEELE) (£%) (RIEELL) (&%) (RIEELL) (&%) (RIEELE)
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2023.1~11%R&t 23,074 39 224,415 42.0 428,935 26.5 1,924 A252 678,348 30.0
2023%9A 1,402 A 220 26,114 84.9 35,019 A10 70| A613 62,605 21.62
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Z DEEREZ 120 o 25 o o o of o o 9 o 46l o ol5446 5446 5492 2l o 2| 23| 5617
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ShILER BESMBIZEIRR (2013~2022F )

(—fRAEEA B AEREH TERH)
EB2B@ERA) TR AIEEL(%)

2013%E | 2014%E | 2015FE | 20165FE | 2017&FE | 2018%FE | 2019%E | 2020FE | 2021 FE | 2022FE

W oE oz 8,816 9,881 9,782 8,435 10,136 8,659 9,234 8,311 8,932 8,275
148.4 112.1 99.0 86.2 120.2 85.4 106.6 90.0 107.5 926
p—— 7,679 8,567 13,438 10,788 8,583 20,529 8,410 16,427 11,385 11,264
103.5 111.6 156.9 80.3 79.6 239.2 41.0 195.3 69.3 98.9
REEE 16,495 18,448 23,220 19,223 18,719 29,188 17,644 24,738 20,317 19,539
a Hi 123.5 111.8 125.9 82.8 97.4 155.9 60.4 140.2 82.1 96.2
9 29 0 0 52 6 0 0 11 47

= s\ 5
B a2® 3.2 3222 - - - 1.5 - - — 427.3
& B oE 0 0 20 412 180 448 365 426 448 302
— — - 2060.0 437 248.9 81.5 116.7 105.2 67.4
HE A 16,504 18,477 23,240 19,635 18,951 29,642 18,009 25,164 20,776 19,888
s 121.0 112.0 125.8 84.5 96.5 156.4 60.8 139.7 82.6 95.7
50 E 4,495 4,120 1,880 656 4,239 1,679 1,961 694 2,358 1,918
! " 471 91.7 456 34.9 646.2 39.6 116.8 35.4 339.8 81.3
% i B 20,999 22,597 25,120 20,291 23,190 31,321 19,970 25,858 23,134 21,806
a it 90.6 107.6 111.2 80.8 114.3 135.1 63.8 129.5 89.5 94.3

SEMI R BEBFIRNZERR (2013~20225F )
(—AAEEA B AEEEWTERSH)
L 2B@ERM) TB AIEEL(%)
20134%E | 2014%E | 20155%E | 20165E | 20175E | 2018FE | 2019%E | 2020FE | 2021FE | 20225F%

5o oz 48,176 60,436 65,885 63,352 100,363 91,111 67,063 58,430 79,141 123,177
69.0 125.4 109.0 96.2 158.4 90.8 736 87.1 135.4 155.6
p— 4,317 4,519 3,712 2,432 2,046 2,839 2,324 2,606 1,913 1,895
646.3 104.7 82.1 65.5 84.1 138.8 81.9 112.1 73.4 99.1
REMEE 52,493 64,955 69,597 65,784 102,409 93,950 69,387 61,036 81,054 125,072
a Hi 74.5 123.7 107.1 94.5 155.7 91.7 73.9 88.0 132.8 154.3
T A E 1,532 164 226 276 227 158 123 170 163 200
™ 643.7 10.7 137.8 122.1 822 69.6 77.8 138.2 95.9 122.7
& B 1,884 2,101 2,957 1,556 3,311 2,201 1,731 1,253 1,455 1,250
433 1115 140.7 52.6 2128 66.5 786 72.4 116.1 85.9
HE A 55,909 67,220 72,780 67,616 105,947 96,309 71,241 62,459 82,672 126,522
e 745 120.2 108.3 92.9 156.7 90.9 74.0 87.7 132.4 153.0
EHEE 85,974 94,798 65,289 51,064 72,695 51,600 42,905 27,636 79,329 47,266
! ™ 95.1 110.3 68.9 78.2 142.4 71.0 83.1 64.4 287.0 59.6
% i B 141,883 162,018 138,069 118,680 178,642 147,909 114,146 90,095 162,001 173,788
a B 85.7 114.2 85.2 86.0 150.5 82.8 77.2 78.9 179.8 107.3
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