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Permeability of Steel Castings

By Michio Makino and Michifumi Kitamura
Tobata Works, Hitachi, Ltd.

Abstract

This is a report on the writer’s exhaustive investigation concerning the
steel castings which develop low magnetic field. The results of their experi-
mental study are summarized as follows:

Permeability of steel castings is largely influenced by the heat treatment
employed as well as their C content. Their effect is more remarkable in low
magnetic field, and the the higher the degree of C content the greater is the
effect of the heat treatment. There are also found several factors contributing
to the low permeability of steel castings, such as Si, Mn and S content in the
steel, as well as the over-oxidation caused in melting process. However, these
factors have less effect as compared with the preceeding two, and the writers
assert that the abnormally low permeability should be ascribed first of all to
the heat treatment.
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Table 1. Chemical Compositions

| i 2 i 2 (%) Com 4 WK
HEBHFS | - L —_—

| Si Mn P S Cr Cu c Mn
e B ) )

1 | 0.10 0.32 0.43 0. 024 0. 010 0.022 0. 26 0.11 0.17

2 | 0.11 0.45 0.54 0.018 0.015 0.038 0.27 0.11 0.10

3 } 0.13 0.25 0.49 0.013 0.007 0.017 0.27 0.09 0.14

4 | 0.09 0.23 0.43 0.027 0.016 0.013 0.27 0.07 0.10

5 0.06 0.21 0.37 0.009 0.012 0.013 0.26 0. 04 0.09

6 0.11 0.20 0.43 0.029 0.014 0.017 0.26 0.08 0.11

7 0.10 0.32 0.35 0.023 0.012 0.013 0.26 0.06 0.10

8 0.11 0.45 0.43 0.036 0. 007 0.017 0.25 0.09 0.11

9 | 0.12 | 0.59 0.53 0.022 0. 008 0.045 0.21 0.09 0.18

10 | 0.11 0. 40 0.49 0.022 0.011 0.022 0.21 | 0.07 0.14

11 0. 06 0.35 0.38 0. 034 0.036 0.038 0.28 = =

12 0.12 0.32 0. 42 0.024 0.010 0.022 0.25 . e

13 0.13 0. 36 0.40 0.029 0. 030 0.017 0.27 0.11 0.08

14 0.07 0. 66 0.41 0. 036 0.039+ 0.026 0.27 0.07 0. 04

15 0.09 0.29 0.46 0.030 0.007 0. 065 0.28 0.10 0.19

16 0.10 0.21 0. 54 0.038 0.021 0.013 0.27 0. 04 0.09

17 0.11 0.47 0.55 0.036 0.010 0.047 0. 24 0.09 0.22

18 0.10 0.35 0.39 0.036 0.007 0.034 0.28 | 0.05 0.10

19 0.10 0. 69 0.49 0.034 0.014 0.030 0.26 0.12 0.11

20 0.12 0.47 0.38 0.036 0. 007 0. 009 0.25 0.15 0.18

21 0. 06 0.33 0. 66 0.043 0.014 0.033 0.25 0.06 0.11

22 0.10 0.27 0.39 0.021 0.011 0.022 0.27 0.08 0.15

23 0.08 0. 39 0. 46 0.014 0.009 0. 040 0.25 0.09 0.13

24 0.12 0. 42 0.55 0.039 0.004 0.048 0.25 0.11 0.22

25 0.12 0.31 0.43 0.034 0.004 0.013 0.27 0.10 0.13

26 0.10 0. 61 0.45 0.053 0. 020 0.026 0.31 0.09 0.06

27 0.11 0.27 0.42 0.014 0.018 0.009 0. 26 0. 06 0.09

28 0.07 0.29 0.34 0.034 0.058 0. 026 0.25 0.04 0.04

29 0.12 0. 39 0.47 0.022 0.099 0. 030 0.25 = o=

30 0.10 0.27 0.47 0.029 0.008 0.026 0.27 0. 04 0.09

31 0.10 0. 36 0. 65 0.017 0.013 0.017 0.23 0.15 0.12

32 0.10 0.26 0.41 0.019 0.019 0.043 0.21 0.14 0.15

33 0.18 0.21 0. 42 0.038 0.032 0.026 0.27 - —

34 0.17 0.24 0.73 0.025 0.007 0. 026 0.27 = —

35 0.17 0.41 0.76 0.020 0.010 0.038 0.25 = =

36 0.18 0.31 0.68 0.021 0. 009 0. 046 0. 26 s e

37 0.21 0.36 0. 56 0.015 0.008 0.034 0.25 - —

38 0.20 0.41 0.70 0.022 0. 006 0.071 0.23 s —

39 0.16 0.43 0.87 0.038 0. 008 0.022 0.30 = =

40 0.30 0.29 0.68 0.036 0. 009 0.121 0.25 e —

41 0.16 0.20 0. 80 0.043 0. 009 0.017 0.26 — —

42 0. 26 0. 36 0.83 (0.038 0.021 0.022 0. 29 — o
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Table 2. Permeability and Mechanical Pro- Fig.3. Apparatus for Magnetic Test
perties of Annealed Specimen
_ — e - 950°C
ap B - Jﬁiﬁiﬁiﬁaﬁ_(?wi) _‘ B WM O M A
| WA b | M
# 5 | Bao ‘ Bso | Bioo (kg/mm®=) (%)
1 14,991 = 17,022 18,448 40.9 38.0
2 14,280 = 16,485 | 17,868 43.6 37.0 | | |
3 14,263 16,431 i 17,788 40.6 |  37.0 a2 prs —A—Mprs — s — "
4 15,050 | 17,045 | 18,447 39. 4 41.0 .
| o5 4[> - g2 7 )
5 15,402 | 17,243 | 18,527 | 37.6 40.0 AN H Yy 4 27
6 14,872 16,668 | 18,044 39.7 37.0 Fig.4. Cycle of Re-heating
7 | 14,747 16,500 | 17,967 38.8 37.0
8 14,045 | 17,05 | 18,457 | 411 40.0
| b s T T F=
9 | 14,93 | 16,870 | 18,305 | 43.2 37.0 .. 2
10 | 14,677 16,972 18, 352 ‘ 4.6 | 380 .qi""-’”" o 20
l | i A
11| 14,723 16,893 = 18,317 4.6 | 34.0 PR,
'_ ' ; Bw="¢ SC+/8
12 14, 875 | 16,928 = 18,188 41.8 36. 0 | o L °
13 14,887 | 16,905 = 18,293 41.0 38.0 g a = TE—
14 : 14, 595 ‘ 16,777 | 18,212 |  44.8 26.5
15 | 14,807 | 16,987 ‘ 18,515 |  41.0 41.0 L
16 | 15127 | 17,006 = 18,431 | 39.7 44.0 S
17 14,863 16,835 | 18,270 | 44.8 37.0 = |
18 15,172 16,975 18,387 41,0 40.0 it
19 14,992 16,870 | 18,212 |  44.3 39.0 o l
20 14,875 = 16,870 18,305 |  43.4 39.0 @
21 | 14,852 ‘ 16,975 ‘ 18, 433 43.6 | 37.0 z |
22 | 14,478 16,392 | 17,745 |  43.1 32,0 i
23 | 14,847 | 16,855 | 18,267 |  41.9 38.0 <
24 | 14,840 16,870 18,328 |  43.7 38.0 |
25 14,583 16,497 = 17,873 | 40.8 |  35.0
26 | 14,793 16,928 = 18,375 & 46.4 36. 0 ]
27 15,213 | 17,092 | 18,492 @ 37.9 44.0
28 15,435 17,197 18,573 - = . R - .
29 | 14,758 16,975 18,410 42.8 34.0 /0 020 430
30 15,190 = 17,093 18,533 38.9 40.0
31 14,887 | 16,998 | 18,468 41.5 33.0 @5 % BEMw il ics X BT CER
32 : 15,085 16,952 | 18,352 40.5 35. 0 D B4
| : 16 18,2 42.5 : o . -
& 5500 Lo Byt i i Fig.5. Effect of C Content on Permeability
34 14,448 = 16,742 | 18,270 45.7 34.0 ¢ A led Speci
35 14,210 16,693 18,218 47.3 36.0 0L Anneaicd wpecHnen
36 14,548 | 16,800 = 18,377 46.5 37.0 - - -
37 13,685 @ 16,380 = 18,077 = 51.6 30.0 XhoTELL, TOBREHIIALETHHD, WhHD
38 14,105 | 16,503 18,060 = 49.8 32.0 X gt 1z o, CETROEEITNX k> TL b,
39 14, 501 16, 686 18.235 | 48.0 36.0 ) g il
1 | 13,195 = 16,158 | 17,885 |  54.0 25.0 L L7 3 SRR IRRE DS B DDA L IEbh D b
41 | 14,478 | 16,811 18,340  45.6 31.0 DIFREROBEBX 5 LT d, BREEDOHS T L BEH5
42 | 13,317 16,162 17,850 | 56.8 = 26.0 h 2
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’ Bzo | Bso ‘ Bioo | Bzo Bso | Bioo
. | ' B AN S
1 15, 832 17,475 18,838 14, 280 16, 940 18,410
2 15,470 17,115 18,445 | 14, 630 16, 800 18, 305
3 14, 245 | 17,080 18,480 | 13,965 16, 730 18,165
4 15, 470 17,150 18, 445 | 15,039 17,068 18,467
5 15, 890 17,395 18, 690 | 15,190 17,045 18,515
6 15, 610 17,290 18,655 14, 665 17,010 18,480
7 15,061 17, 267 18,598 | 14, 840 16,975 18, 340
8 15,470 17,150 18,445 | 15, 096 16,952 | 18,358
15,435 17,150 18, 445 14,105 16, 800 | 18, 305
10 15, 225 17, 080 18,375 | 15, 050 16,905 | 18,340
11 15, 680 | 17,150 18, 445 | 14,910 17,045 18, 445
12 15,201 17,057 18, 388 | 14,035 16,870 18,410
13 15, 306 17,092 18, 388 14,420 16, 870 18, 340
14 15,435 16,975 18, 305 | 14, 315 16, 765 18, 200
15 15,470 17,115 18,410 | 13,510 16, 870 18, 445
16 15, 096 17, 092 18,423 | 14,770 17, 045 18,515
17 14, 840 17,080 18,410 13,930 16, 765 18, 235
18 15,470 17, 220 18,515 15,015 16,975 18,410
19 15, 586 17,127 18,423 | 14, 255 16,917 18, 353
20 15, 540 17, 045 18, 375 14, 665 16, 800 18, 305
21 14,980 | 16,975 18, 305 14, 465 16, 812 18, 283
22 15, 400 17,080 18, 375 | 13,510 16, 800 18,410
23 14, 535 17,022 18, 353 14, 665 16, 870 18, 340
24 15, 236 17,092 18, 458 14, 781 16,812 18, 248
25 15,516 17,197 18,528 14, 245 16,975 18, 445
26 15,131 16, 847 18, 248 13,335 16, 625 18, 615
27 15, 446 17, 232 18, 563 15, 026 17,022 18, 388
28 15, 761 17,232 18, 528 15,155 17,010 18, 375
29 15,271 17,127 18,423 | 14, 840 16, 905 18, 340
30 15, 796 17, 267 18, 563 14,525 16,975 18, 445
31 14,956 17, 092 18,458 | 14,490 16, 940 18, 375
32 14,910 17,150 18,480 14, 395 16, 812 18, 249
33 15, 061 16, 952 18,535 j 14,115 16, 672 18,178
34 15, 050 16,940 18, 305 | 14, 255 16, 602 18,143
|
35 14,991 | 16,777 18,178 | 14, 210 16, 625 18,130
| |
36 15, 225 | 16,975 18, 840 | 14, 385 16, 660 18,130
37 14, 350 16, 660 18,130 ‘ 13, 440 16,310 17,990
38 14, 886 16, 742 18,143 | 13,415 16,462 | 18,143
39 15,155 16,870 18, 200 | 14,105 16, 555 18, 095
40 14, 045 16,497 17,933 | 12, 495 16, 065 17,920
41 14, 886 16, 952 18, 283 I 14,105 16, 600 18, 200
42 | 14, 280 16,450 17,885 13,335 16, 240 17, 885
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