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(57) Abstract: This high-strength steel sheet contains 0.15% to 0.35% by mass of C, 0.5% to 3.0% by mass of a total
of Si and Al, 1.0% to 4.0% by mass of Mn, no more than 0.05% by mass (including 0% by mass) of P, no more than
0.01% by mass (including 0% by mass) of S, and 0.01% to 0.2% by mass of Ti, with the remainder being made up of Fe
and unavoidable impurities. The steel sheet structure is such that the ferrite fraction does not exceed 5%, the total fraction
of tempered martensite and tempered bainite is at least 60%, the retained austenite fraction is at least 10%, the fresh
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martensite fraction does not exceed 5%, the average particle size of retained austenite does not exceed 0.5 pm, retained
austenite having a particle diameter of at least 1.0 pm accounts for at least 2% of total retained austenite content, and prior
austenite particle diameter does not exceed 10 pm.
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FH
i i w (i\:f)~ (v (vi)‘ i
% % % % 4m % 4m
i a 0 69 14. 2 3.4 0.34 0. 68 7.83
2 a 0 70 16.6 32 1.30 3.12 538
3 a 0 A 17.1 40 1.34 2.93 5 84
4| a 0 68 16. 2 32 0.49 070 6. 82
5 Y 0 7 16. 9 28 112 2.95 6. 37
6 a 0 70 16.3 21 0.17 081 6. 57
7 a 0 0 19.2 32 141 5 40 523
8 a 33 38 16.3 30 0.16 2.42 598
9 Y 0 67 18.2 26 083 251 | 11.53
10| a 0 3 18.7 2.2 0.1 3.46 5 27
1| a 0 84 52 28 0.16 0.96 5 87
12| & 0 n 17.1 22 02 2.50 579
13| & 0 n 17.0 24 0.17 2.9 6.18
14| a 0 n 11.5 2.2 0.20 2.59 593
15| a 23 415 13.1 28 0.15 2N 543
16| & 0 I3 6.9 8.2 0.19 2 6. 26
17| = 0 52 7.4 217 0.22 113 5. 67
18| a 0 72 16. 4 31 0.18 2.99 583
19| a 0 74 17.3 21 0.17 2.63 5 9
20| b 0 69 12.4 39 0.15 0.65 | 12.82
21| b 0 70 17.1 3.4 on 2.87 | 13.38
22| ¢ 0 73 15.9 2.7 0.17 2.53 6.18
23| d 0 72 18. 2 2.4 0.16 261 593
24| e 0 73 14.1 35 0.17 2 48 6. 07
25| f 0 78 1.9 29 0.15 073 524
26| & 0 77 8.7 2.7 0.15 0.92 5 39
27| h 28 42 16.5 2.0 0.17 3.81 6. 24
28| i 0 84 4.8 26 0.16 103 5.93
20| i 0 66 22 8 20 0.16 224 5 97
30| k 0 23.4 25 1.22 2 .38 5 98
3 I 0 A 16. 2 2.3 0.17 3.42 6.29
32 m 0 72 16.1 217 0.17 3.85 6. 34
33| n 0 70 17.1 2.5 0.17 3.29 6.12
34| o 0 A 16.1 2.7 0.16 4.01 5 8
35| p 0 7 16.7 3.4 0.16 418 5 75
36| a 0 70 16.3 25 0.15 3.97 5 44
a7l r 0 A 17.1 37 0.15 3.89 5 38
ag| s 0 70 17.1 31 0.17 410 6.18
39 t 0 7 18.2 29 0.15 3.83 5. 30
40| u 0 72 19.4 24 0.19 3.25 6. 24
a1 v 0 A 19. 2 33 0.18 314 6.15
42| w 0 73 18.9 30 0.17 310 6. 02
43 x 0 72 17.2 29 0.15 283 5 27
44|y 0 72 18.5 22 0.18 3.13 5o
45| z 0 70 17. 4 31 0.15 2.97 5 18
46 | aa 0 A 17.1 2.5 0.14 2.94 b2
47| &b 0 7 18.1 23 0.16 3.34 6 14
48 | ac 0 7 18.2 1.9 0.17 34 6. 28
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[$k4]
it
No. [$#ANo. | YS TS YR EL | TSxEL |RIKITEA FE&HYLDR| SH-FsIE | #FHE
MPa MPa % MPa% % kN J/cm?

1 a 1070 | 1285 | 0.83 | 16.4 | 21074 26 1.1 9.2 1.39
2 a 958 | 1197 | 0.80 | 18.9 | 22623 1 204 9.0( 4.1
3 a 986 | 1202 | 0.82 | 19.1 22958 17 2.03 8.8 | 4882
4 4 1068 | 1297 | 0.82 | 16.7 | 21660 21 1.95 8.8 | 66.44
5 a 977 | 1205 | 0.81 | 19.3 | 23257 15 2.02 8.6 | 38.15

6 | 993 | 1198 | 0.83 | 18.6 | 22283 28 1.92 8.5 | 13.08

1 4 1070 | 1319 | 0.81 | 18.1 23874 18 200 8.9 48.83
8 a 692 | 1098 | 0.63 | 19.8 | 21740 15 2.03 8.7 | 6501
9 4 91 | 1197 | 0.81 | 19.2 | 22982 19 2.02 8.6 | 49.31
10| a 995 | 1185 | 0.84 | 19.8 | 23463 3 2.06 8.7 | 12.62
11| a 906 | 1079 | 0.84 | 12.9 | 13919 28 1.92 8.5 | 66.13
12| a 989 | 1198 | 0.83 | 19.8 | 23720 30 2.06 8.5 10.1
13| a 1003 | 1209 | 0.83 | 19.8 | 23938 32 2.06 8.6 | 71.16
14| a 996 | 1200 | 0.83 | 19.3 | 23160 32 2.07 8.7 70,19
15| a 649 | 1013 | 0.64 | 20.2 | 20463 14 2.02 8.7 | 63.40
16| a 879 | 1074 | 0.82 | 15.8 | 16969 18 1.88 8.9 | 42. 24
17| a 1090 | 1321 | 0.83 | 13.4 | 17101 27 1.95 8.9 | 64.30
18| a 1002 | 1197 | 0.84 | 18.1 21666 3 2.07 8.5 70.57
19| a 965 | 1188 | 0.81 | 19.5 | 23166 33 2.06 8.4 71.56
20| b 1012 | 1234 | 0.82 | 171 21101 22 1.78 9.8 | 4618
21| b 956 | 1186 | 0.81 | 19.5 | 23127 14 2.06 9.6 | 4527
22| ¢ 996 | 1205 | 0.83 | 18.1 21811 3 2.07 10.2 | 7016
23| d 1000 | 1205 | 0.83 | 19.6 | 23618 32 2.08 8.5 | 70.07
24| e 966 | 1198 | 0.81 | 17.9 | 21444 3 2.06 1.1 1.02
25| £ 840 | 1021 | 0.82 | 16.6 | 16949 27 1.92 13.3 | 72.96
2| E 855 | 1038 | 0.82 | 14.8 | 15362 26 1.87 1.7 N.28
271 h 639 | 1037 | 0.62 | 19.3 | 20014 16 2.03 13.1 62.52
28| i 993 | 1200 | 0.83 | 15.1 | 18120 28 1.95 11.5 | 65.52
29| 1 1223 | 1487 | 0.82 | 141 20967 2 2.02 38 65.11
30| k 1102 | 1392 | 0.79 | 14.5 | 20184 11 2.02 7.9 40.19
k]| | 999 | 1200 | 0.83 | 17.8 | 21360 30 2.06 1.3 1.23
32| m 986 | 1206 | 0.82 | 18.1 2182% 3 2.05 101 71.54
33| n 998 | 1206 | 0.83 | 19.8 | 23879 30 2.05 8.5 | 70.40
34| o 1000 | 1205 | 0.83 | 19.4 | 23317 3 2.07 10.9 | 71.53
35| p 1004 | 1199 | 0.84 | 17.5 | 20983 3 2.07 11.3 | 72.61
36| a 993 | 1202 | 0.83 | 17.6 | 211585 3 2.05 9.3 | 70.60
37| r 976 | 1207 | 0.81 | 19.7 | 23778 32 2.05 9.7 | 70.73
38| s 983 | 1205 | 0.82 | 19.8 | 2385% 30 2.07 1.2 N.24
39| t 1003 | 1199 | 0.84 | 19.7 | 23620 30 2.05 12.1 12.25
40| u 979 | 1194 | 0.82 | 20.2 | 24119 32 2.06 9.6 | 6812
41 v 977 | 1189 | 0.82 | 20.1 23899 3 2.06 9.6 | 67.34
42| w 974 | 1192 | 0.82 | 20.1 2395% 3 2.09 9.1 65. 60
43 x 1021 | 1225 | 0.83 | 19.1 23398 3 2.07 9.8 | 72.61
441 v 994 | 1213 | 0.82 | 19.7 | 23896 3 2.08 9.5 | 65.73
45| =z 990 | 1228 | 0.81 | 19.2 | 23578 30 2.06 10.8 | 72.35
46| aa | 1002 | 1237 | 0.81 | 19.4 | 23998 3 2.07 101 .15
47| ab 978 | 1193 | 0.82 | 18.7 | 22309 35 2.08 9.5 | 68.90
48 | ac 998 | 1201 0.83 | 19.0 | 22819 36 2.07 8.3 69.10
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(e) Ca, MgB8LUREMD1EULEAEICEHA, Ca, Mgd
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