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Experimental Research on Low-cost E36 with UFC
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Abstract: Making good use of non-microalloy element composition design and high cooling rate characteristics of UFC  thermo
mechanical control process( TMCP) was conducted to improve microstructure of the steel to obtain better combination mechani—
cal properties. This paper provides a low—cost technology for high strength TMCP E36 ship plate.
Keywords: TMCP; UFC; ship plate; microstructure
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Table 1  Composition of the experimental steel( w) %
C Si Mn p S Al Nb +V +Ti c.,
0.12~0.15 0.10 ~0.30 1.2~1.5 <0.02 <0.005 0.03~0.05 <0.01 <0.38
3 TMCP 20%

1180 ~ 1220 C
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810 C ACC 30 ~50 C
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540 ~ 560 C 2,
2
Table 2 Parameters of the experimental steel
. . ) ) Rolling temperature Final cooling .
Finished thickness Holding thickness Finishing temperature cooling rate
after holding temperature .,
/mm /mm I /°C I /(Cs)
50 100 <850 <810 540 ~ 560 >15
30.00r 4
% 25.001
£ 20.00} i1
& 15.00}
s —*Plate A
5 10:00y —&-Platc B
S 5.00¢ 1/4
000 A
123456 7891011121314
Rolling pass B 3. 4,
3 T— W— L— 1/4 M— R—
Fig. 3 The reduction rules 1/4Q /4 ¢ °
3
Table 3 The tensile test results of the experimental steel
Serial number Position Upper yield strength/MPa Tensile strength/MPa Elongation after fracture/%
Plate A-TL Q 447 561 26.5
Plate A-TL C 371 516 30.5
Plate A-TM Q 424 557 26.5
Plate A-TM C 361 511 30.0
Plate A-TR Q 438 585 26.5
Plate A-TR C 381 530 27.5
Plate A-WL Q 412 566 25.0
Plate A-WL C 372 516 27.5
Plate A-WM Q 428 571 27.5
Plate A-WM C 370 515 28.5
Plate A-WR Q 455 601 23.0
Plate A-WR C 374 527 29.0
Plate B-TL Q 464 587 28.0
Plate B-TL C 394 540 27.5
Plate B-TM Q 448 587 23.5
Plate B-TM C 404 546 27.0
Plate B-TR Q 462 602 23.0
Plate B-TR C 403 554 24.0
Plate B-WL Q 426 576 24.0
Plate B-WL C 354 519 31.5
Plate B-WM Q 422 569 26.5
Plate B-WM C 374 518 27.5
Plate B-WR Q 430 580 26.0
Plate B-WR C 369 526 26.0
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Table 4 The impact test results of the experimental steel
-40C -60°C
Serial number ~ Position Direction Measured Average Measured Average
value/]J value/J value/J value/]J
Plate A-TL Q Longitudinal  179.0  182.0 151.0 170.7 77.0 158.0 172.0 135.7
Plate A-TL C Longitudinal  145.0 168.0 209.0 174.0 51.0 145.0 146.0 114.0
Plate A-TM Q Longitudinal  174.0  180.0 169.0 174.3 214.0 169.0 147.0 176.7
Plate ATM C Longitudinal ~ 19.0 28.0 22.0 23.0 5.1 4.2 15.0 8.1
Plate A-TR Q Longitudinal ~ 146.0 80.0 163.0 129.7 137.0 107.0 103.0 115.7
Plate A-TR C Longitudinal ~ 146.0  132.0 157.0 145.0 34.0 138.0  130.0  100.7
Plate A-WL Q Longitudinal  175.0 163.0 161.0  166.3 38.0 81.0 151.0 90.0
Plate A-WL C Longitudinal ~ 21.0 67.0 101.0 63.0 13.0 11.0 9.8 11.3
Plate AWM Q Longitudinal  169.0  231.0 189.0 196.3 168.0 162.0 158.0 162.7
Plate A-WM C Longitudinal ~ 95.0 28.0 30.0 51.0 8.9 21.0 103.0 44.3
Plate A-WR Q Longitudinal  159.0  178.0 166.0 167.7 167.0 97.0 162.0 142.0
Plate A-WR C Longitudinal ~ 38.0 20.0 105.0 54.3 29.0 8.4 11.0 16. 1
Plate B-TL Q Longitudinal ~ 175.0  166.0  165.0  168.7 163.0 155.0 160.0  159.3
Plate B-TL C Longitudinal ~ 46.0 21.0 32.0 33.0 15.0 13.0 18.0 15.3
Plate B-TM Q Longitudinal  180.0 197.0  200.0 192.3 160.0 157.0 126.0  147.7
Plate B-TM C Longitudinal ~ 26.0 24.0 21.0 23.7 7.2 9.8 7.7 8.2
Plate B-TR Q Longitudinal  186.0  191.0 143.0 173.3 134.0 140.0 167.0 147.0
Plate B-TR C Longitudinal ~ 19.0 58.0 15.0 30.7 8.4 8.9 9.3 8.9
Plate B-WL Q Longitudinal ~ 170.0 176.0 161.0  169.0 69.0 153.0 168.0 130.0
Plate B-WL C Longitudinal ~ 60. 0 49.0 47.0 52.0 7.9 4.7 7.9 6.8
Plate B-WM Q Longitudinal ~ 172.0  152.0 188.0 170.7 161.0 137.0 100.0  132.7
Plate B-WM C Longitudinal ~ 18.0 17.0 31.0 22.0 11.0 12.0 7.2 10. 1
Plate B-WR Q Longitudinal  251.0 171.0 166.0 196.0 135.0 133.0 128.0 132.0
Plate B-WR C Longitudinal ~ 22.0 25.0 16.0 21.0 12.0 7.2 12.0 10.4
4 1/4 38 ~214] 1/2 o
412 ~464 MPa 557 ~602 MPa
23.0% ~28.0% -40 C ’ 5.
80 ~251] -60 C

5 E36 ( : 1/4 )
Table 5 The mechanical properties standards of E36 ship plate( Position: The thickness of 1/4)

Yield strength/MPa  Tensile strength /MPa Elongation after fracture /% Impact absorbing energy ( —40°C) /]

355 490 ~ 620 21 34
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Fig. 4 The microstructure of the experimental steel
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