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Table 1. JIStable of Mechanical properties Cr-Mo Steel, Ni Steel, Ni-Cr Steel, Ni-Cr-Mo Stedl. [1]

JSO 0 D00 OOO0O0 0O0(@) 00(@) 000 000 Hb)
(kgf/mm?)  (kgf/mm?) (kgf-mm/cm?3)
SCM432 >75 >90 >16 >50 >9 255~ 321
SCM430 >70 >85 >18 >55 >11 241~ 293
SCM435 >80 >95 >15 >50 >8 269~ 321
SCM440 >85 >100 >12 >45 >6 285~ 341
SCM445 >90 >105 >12 >40 >4 302~ 363
SNC236 >60 >75 >22 >50 >12 212~ 255
SNC631 >70 >85 >18 >50 >12 248~ 302
SNC836 >80 >95 >15 >45 >8 269~ 321
SNCM431 >70 >85 >20 >55 >10 248~ 302
SNCM625 >85 >95 >18 >50 >8 269~ 321
SNCM630 >90 >110 >15 >45 >8 302~ 352
SNCM240 >80 >90 >17 >50 >7 255~ 311
SNCM7 >90 >100 >15 >45 >5 293~ 352
SNCM439 >90 >100 >16 >45 >7 293~ 352
SNCM447 >95 >105 >14 >40 >7 302~ 363
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Table 2. Amount of chemical component in Cr-Mo steel, Ni steel, Ni-Cr steel,
Ni-Cr-Mo steel.(%) [1]

Jsod C Mn Ni Cr Mo

SCM432  0.27~0.37 0.30~ 0.60 — 1.00~ 1.50 0.15~ 0.30
SCM430 0.28~0.33 0.60~ 0.85 — 0.90~ 120 0.15~ 0.30
SCM435  0.33~0.38 0.60~ 0.85 — 0.90~1.20 0.15~ 0.30
SCM440  0.38~ 043 0.60~ 0.85 — 0.90~ 120 0.15~ 0.30
SCM445  0.43~0.48 0.60~ 0.85 — 0.90~1.20 0.15~ 0.30
SNC236 0.32~ 040 0.50~0.80 1.00~1.50 0.50~0.90 —

SNC631 0.27~0.35 0.35~0.65 250~ 3.00 0.60~ 1.00 —

SNC836 0.32~ 040 0.35~0.65 3.00~3.50 0.60~ 1.00 —

SNCM431 0.27~0.35 0.60~ 090 1.60~2.00 0.60~1.00 0.15~ 0.30
SNCM625 0.20~0.30 0.35~0.60 3.00~3.50 1.00~1.50 0.15~0.30
SNCM630 0.25~0.35 0.35~0.60 2.50~ 350 250~ 3.50 0.50~ 0.70
SNCM240 0.38~ 043 0.70~1.00 0.40~0.70 0.40~0.65 0.15~0.30
SNCM7 0.43~0.48 0.70~1.00 0.40~0.70 040~ 0.65 0.15~0.30
SNCM439 0.36~ 043 0.60~0.90 1.60~2.00 0.60~1.00 0.15~ 0.30
SNCM447 0.44~0.50 0.60~ 090 1.60~2.00 0.60~1.00 0.15~ 0.30
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Table 3. Averaged content of transition metal elements used as inpuit.

JsOd C Mn Ni Cr Mo
SCM432 032 045 00001 125 0.225
SCM430 0.305 0.725 0.0001 1.05 0.225
SCM435 0.355 0.725 0.0001 1.05 0.225
SCM440 0.405 0.725 0.0001 1.05 0.225
SCM445 0455 0.725 0.0001 1.05 0.225
SNC236 036 065 125 0.7 0.0001
SNC631 031 05 2.75 0.8 0.0001
SNC836 036 05 3.25 0.8 0.0001
SNCM431 031 0.75 1.8 0.8 0.225
SNCM625 025 0475 325 125 0.225
SNCM630 0.3 0475 3 3 0.6
SNCM240 0405 085 055 0525 0.225
SNCM7 0455 085 055 0525 0.225
SNCM439 0.395 0.75 1.8 0.8 0.225
SNCM447 0.47 0.75 1.8 0.8 0.225

BE4K = (kgf/mm2)

110

y = 1.0543x — 2.3337
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Figure 1. Correlation of observed values and estimated val-
ues of yield point.
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D000 R?=07990000000000000000000O0
Table 4. Observed and estimated yield point with relative error.

Jsood 0000000 0O0O0OOO0ODD OO0 (W)

SCM432 75 77.56 -3.41333
SCM430 70 69.66 0.485714
SCM435 80 79.21 0.9875
SCM440 85 86.19 -1.4
SCM445 90 87.53 2.744444
SNC236 60 63.18 -5.3
SNC631 70 68.73 1.814286
SNC836 80 79.89 0.1375
SNCM431 70 76.15 -8.78571
SNCM 625 85 85.67 -0.78824
SNCM630 90 108.99 -21.1
SNCM240 80 80.97 -1.2125
SNCM7 90 90.22 -0.24444
SNCM439 90 87.11 3.211111
SNCM447 95 99.68 -4.92632

53R 58 [kef/mm2]

y =0.9801x + 3.2065

120 V R? = 0.9247
V.

110

100
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»

90
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70
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Figure 2. Correlation of observed values and estimated values of
tensile strength.
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Table 5. Observed and estimated tensile strength with relative error.

Jsood oooo@o) ooooobob ooboooo

SCM432 90 94.29 -4.76667
SCM430 85 85.04 -0.04706
SCM435 95 94.25 0.789474
SCM440 100 101.32 -1.32
SCM445 105 103.16 1.752381
SNC236 75 80.1 -6.8
SNC631 85 84.85 0.176471
SNC836 95 935 1.578947
SNCM431 85 86.71 -2.01176
SNCM625 95 97.99 -3.14737
SNCM630 110 117.33 -6.66364
SNCM240 90 91.22 -1.35556
SNCM7 100 99.41 0.59
SNCM439 100 98.94 1.06
SNCM447 105 106.76 -1.67619
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Table 6. Observed and estimated elongation percentage with relative error.

JsO0d OO0 (@O0O) DODOoOO0 Ooooooo
SCM432 16 10.89 31.9375
SCM430 18 20.77 -15.3889
SCM435 15 13.63 9.133333
SCM440 12 13.07 -8.91667
SCM445 12 9.87 17.75
SNC236 22 16.84 23.45455
SNC631 18 18.25 -1.38889
SNC836 15 17.7 -18
SNCM431 20 23.95 -19.75
SNCM625 18 16.98 5.666667
SNCM630 15 7.8 48
SNCM240 17 15.9 6.470588
SNCM7 15 16.37 -9.13333
SNCM439 16 145 9.375
SNCM447 14 16.37 -16.9286
18T %]
95 y = 0.9402x + 0.294
4 / R? = 0.3848
20 *
AR
TE 15 M
*
10 * {
5
5 10 15 20 25
obs.

Figure 3. Correlation of observed values and estimated values of elon-
gation percentage.
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Table 7. Observed and estimated diaphragm with relative error.

JsOno Oo0ooo0 oooooo oooogooo
SCM432 50 46.05 7.9
SCM430 55 54.49 0.927273
SCM435 50 50.57 -1.14
SCM440 45 44.22 1.733333
SCM445 40 41.74 -4.35
SNC236 50 49.9 0.2
SNC631 50 50.2 -04
SNC836 45 44.05 2111111
SNCM431 55 51.89 5.654545
SNCM625 50 52.77 -5.54
SNCM630 45 36.96 17.86667
SNCM240 50 50.51 -1.02
SNCM7 45 44.09 2.022222
SNCM439 45 47.34 -5.2
SNCM447 40 37.85 5.375
Y%
y = 0.996x - 0.6356

60 R*=0.7372
55

s % o R31

©

S 45 /% — @ f R
- /% #
35

35 40 45 50 55 60

obs.

Figure 4. Correlation of observed values and estimated values of di-

aphragm.
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Table 8. Observed and estimated impulsive force with relative error.

Jsoad OO0O0(@O) Doodoooo ooooooo
SCM432 9 7.63 15.22222
SCM430 11 10.71 2.636364
SCM435 8 8.23 -2.875
SCM440 6 5.68 5.333333
SCM445 4 4.61 -15.25
SNC236 12 12.37 -3.08333
SNC631 12 10.59 11.75
SNC836 8 8.37 -4.625
SNCM431 10 9.23 1.7
SNCM625 8 10.82 -35.25
SNCM630 8 0.0102 99.8725
SNCM 240 7 7.11 -1.57143
SNCM7 5 4.76 4.8
SNCM439 7 7.43 -6.14286
SNCM447 6 51 15
B {Ekgf.m/cm2]
14 y=0911x +0.1613
12 o / R® = 0.4795
* %,/
10 | Y
T?'; 8 ‘//0

N

o

obs.

8 10 12 14

Figure5. Correlation of observed values and estimated values of impulsiveforce.
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Table 9. Observed and estimated hardness with relative error.
JsO0d Jdooodno ooooobo oogboogd

SCM432 273 284.05 4.047619
SCM430 267 259.8 -2.69663
SCM435 295 294,51 -0.1661
SCM440 313 316.9 1.246006
SCM445 3325 322.94 -2.87519
SNC236 2335 259.92 11.31478
SNC631 275 266.07 -3.24727
SNC836 295 296.14 0.386441
SNCM431 275 297.48 8.174545
SNCM625 295 319.44 8.284746
SNCM630 327 336.92 3.033639
SNCM240 283 287.37 154417
SNCM7 3225 322.34 -0.04961
SNCM439 3225 311.32 -3.46667
SNCM447 332.5 351.85 5.819549
WS (Hb)

380 y = 0.8591x + 47.414

360 . R” = 0.8067

340 .

9 320 * * R
S 300 . 8 (R50)

280 /?‘

260 LT o®

240

240 260 280 300 320 340 360
Calcd.

Figure 6. Correlation of averaged observed values and estimated val ues of hardness.
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Figure 7. Observed and estimated hardness of Cr-Mo, Ni, Ni-Cr, and Ni-Cr-Mo steels.
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In order to estimate mechanical properties of high tension steels for machine tools:
Cr-Mo steel, Ni steel, Ni-Cr steel and Ni-Cr-Mo steel, we applied property prediction
by a perceptron type neural network. It was found that six mechanical properties. yield
point, tensile strength, diaphragm, impulsive force and hardness are predictable within
experimental error, almost 20%, using only the amount of C, Mn, Ni, Cr and Mo in the
sSteels.

Keywords: Yield Point, Tensile Strength, Elongation Percentage, Diaphragm, Impulsive
Force, Hardness, Cr-Mo Steel, Ni Steel, Ni-Cr Steel, Ni-Cr-Mo Steel, Property Estima-
tion, Neural Network
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