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& 1 UEETEH tbikT N F O o ppm & T

MMl C | Si |{Mn| P S | Ni | Cr |Mo| Al |Nb| V |Ti |Zr |Sn|Sb|Pb|Ca|Mg| N | O |S/O
1 0.45 | 0.25 | 0.73 10.009]0.093] 0.01 | 0.14 | 0.01 [0.019] - . . . . - Jo29] - - ur |17 {547
2 0.45 | 0.26 | 0.71 [0.010/0.068] 0.01 | 0.14 | 0.02 [0.015] - . . . . - lo21| - - w1 ] 12 |56
3 0.49 | 0.26 | 0.99 [0.007[0.019] 0.01 [ 0.19 ] 0.01 [0.031] - |o0.10| - - . . loos] - - |14 ] 13 | 146
4 0.48 | 0.24 { 0.97 [0.010[0.054] 0.01 [ 0.16 | 0.02 [0.025] - |0.10| - . - - {029 - . 91 8 |67.5
5 0.21 | 0.32 {1 0.65 [0.012/0.008] 1.82 [ 0.55 | 0.16 [0.033] - . . . . . . . - | 120] 28 | 2.9
6 0.22 | 0.28 | 0.65 [0.015[0.012] 1.63 [ 0.60 | 0.16 [0.035] - . . . ; . . . - 128 ] 22 | 55
7 0.21 | 0.33 | 0.63 |0.015/0.010] 1.65 | 0.63 | 0.17 |0.035] - . . - : . loo07] - - [ 16] 16 | 6.3
8 0.43 ] 0.24 | 0.66 |0.011]0.073] 0.00 | 0.05 | 0.01 |0.014]0.047] 0.10 | - ; ; ; . . ; 55 | 18 | 40.6
9 0.42 | 0.97 | 0.66 [0.009{0.193] 0.00 [ 0.03 | 0.01 [0.017]0.015] 0.09 | 0.05 | 0.08 | - . . . . 42 | 66 | 292
10 ]1053]0.18 | 0.67 [0.010/0.199] 0.00 | 0.05 | 0.01 [0.015[0.039] 0.08 | - |0.07| - . . - . 43 | 80 [ 24.9
11 1043 [ 0.17 | 0.65 [0.008/0.187] 0.01 | 0.05 [ 0.01 {0.018]{0.185| 0.13 | - . l0.030] - : . . 53 | 70 | 26.7
12 ] 0.450.23 [ 0.63 [0.013]0.120] 0.02 | 0.03 | 0.01 [0.020[0.029] - . . . |o.083] - . . 48 | 40 | 30.0
13 1042 {0.15 [ 0.71 {0.011]0.231] 0.00 | 0.03 | 0.01 [0.018[0.023] - | 0.06 | 0.08 |0.086(0.025] - . . 45 | 53 | 436
14 ]10.25]0.17 { 2.28 |0.020]0.220] 1.56 | 0.75 [ 0.17 [0.018]0.030] 0.07 | - . . . . . - | 140 ] 50 [ 44.0
15 10.24]0.23 {0.73 [0.018/0.195] 1.53 | 0.83 | 0.97 |0.017]0.025| - - oos] - . . - - 120 | 36 |54.2
16 |0.20 | 0.18 | 0.65 |0.015{0.210] 1.60 | 1.98 [ 0.16 [0.015/0.027| - |o018| - . . : : - 125 | 42 [500
17 1 0.30 | 0.15 | 0.68 {0.145]0.200] 1.66 | 0.93 | 0.16 |0.016]0.028]| 0.18 | 0.08 | - |0.033| - . - - 145 | 33 [co.6
18 10.13]0.10 | 1.30 |0.028]0.230] 1.95 | 0.61 [ 0.15 [0.015]0.030] - | 005|007 | - loo061| - - - 133 ] 48 (479
19 10211073069 [0024{0.325] 1.73 | 0.58 | 0.18 [0.019]0.020] 0.45 | - | 0.09 [0.0270.030] - . - 162 ] 34 [956
20 1044022 |0.40]0.013{0.185] 0.01 | 0.04 | 0.01 [0.013]0.023[0.10] - |o010| - [o0.042] - l.oizo - 50 | 62 [29.8
21 1045020 |0.70 {0.005]0.130] 0.02 | 0.05 | 0.01 [0.014]0.027] - o007 [0.07| - . . - Jo.0060] 30 | 50 | 26.0
22 1046|045 |0.53{0.016{0.225]| 1.12 | 0.59 | 0.14 [0.016/0.028| 0.15 | - - |o.030| - - | 0.01 j0.0043] 51 | 48 | 46.9
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REBRRAMH 1 E 222 BBSLHBER BB MME
B oo 850 C i 650C2m kK24 Bl g &8 & H#
BLERE CEM  HMHEIPBREAMFE D BRI Ak 4

HWNMAESOHRE  AEAOHMPMBETALLRM O R
FHRXEREHHER

&k 4
o . W&
B X 4 ﬁ?}é/;] ;;}ii M E R KRB F (,C‘harpy) B
N/mm?* | N/mm? & & 1%%{7& HB
J/em*

1 635 705 25.8 61.4 130 211
2 657 730 25.5 62.1 133 220
3 707 786 24.9 60.3 128 239
4 691 768 25.2 61.8 130 235
5 732 854 22.7 58.1 125 270
6 743 865 22.2 57.6 120 272
7 754 870 21.3 56.2 117 273
8 635 705 26.0 63.0 153 211
9 558 620 27.7 65.4 161 190
10 597 663 26.3 62.5 142 200
11 715 830 22.2 59.3 142 269
12 648 713 27.3 64.2 167 223
13 652 724 26.4 63.2 158 227
14 730 840 23.0 58.3 129 267
15 760 873 21.0 56.1 115 274
16 732 860 22.5 57.1 125 270
17 750 865 22.9 56.9 118 276
18 730 850 23.2 58.7 130 2773
19 740 858 22.5 57.3 123 277
20 668 733 23.3 59.8 140 230
21 637 710 27.2 63.2 165 210
22 685 758 24.1 57.7 151 233
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2~ P CHEAHE

— BB EHRRAIASERESAE &4 UEEE W
& 7°0.10 £ 0.55%4 C~0.05 % 1.00%#5 Si~0.30 £ 2.50%
) Mn~ R K # 0.15%45 P~0.050 & 0.350%445 S~ A #» 0.010%
2 R A% 0.020%85 Al 0.015 £ 0.200%& Nb -~ 0.0015 %
0.0150%#5 O fo R A # 0.02%8) N> £ 4 L EE B »n tk
7~ EAdH 0.03Z 0.50%8 V~0.02 % 0.20%¢4y Ti #= 0.01
E 0.20%%) Zr iRt ma Y2 E L —F AP SAHEEFHO
A E W S/OtE A 15%F 1200 A A RiE A & Nb#y & 14 -
it -~ R Fog Rt mERasE Y2z db—H(FR
F 1BE)FEA MnS AR G4 mAiBA S - 5837 X48Z
CE28 R AEFTHOBRZEHERAZISHEBHNETRER S
BEEAEFHFos8BilEBR A gl E s
B Bl 4R e

&)

FE ~ EUHEARE

A sulfur-containing free-cutting steel for machine
structural use, comprising, in weight percent, 0.10 to 0.55%
of C, 0.05 to 1.00% of Si, 0.30 to 2.50% of Mn, not more than
0.15% of P, 0.050 to 0.350% of S, more than 0.010% but not more
than 0.020% of Al, 0.015 to 0.200% of Nb, 0.0015 to 0.0150%
of O, and not more than 0.02% of N, and further containing,
in weight percent, at least one selected from the group
consisting of 0.03 to 0.50% of V, 0.02 to 0.20% of Ti and 0.01
to 0.20% of Z2r, wherein the ratio S/0 of the S content to the
O content is 15 to 120, and at least one selected from the group
consisting of an oxide, a carbide, a nitride and a carbonitride
of Nb(see Fig. 1) acts as nuclei for precipitation of an MnS
type inclusions. Through a sulfur-containing free-cutting
steel for machine structural use obtained by adjusting the
chemical composition of steel, to provide a sulfur free-cutting
steel that does not contain lead but has a machinability and
mechanical properties on a par with conventional lead-

containing free-cutting steel.
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