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The Effects of C and N on Low Cyclic Fatigue Behavior
of 329%Mn Nonmagnetic Steels
Koji SHIBATA, Yasuo KISHIMOTO and Toshio Fujrra
Synopsis :

The effects of carbon and nitrogen on the low cyclic deformation behavior of high manganese nonmagne-
tic steels have been investigated at a constant total strain amplitude ranging from 0.8 x 10-*t0 2.0 X 10-%in
ambient air by using 329 manganese steels containing up to 0.3% carbon and to 0.3% nitrogen. The
trend toward fatigue softening in the steels was generally smaller than that of austenitic stainless steels,
and the steels with a very low nitrogen content showed a saturation state of stress amplitude response ex-
hibiting no fatigue softening after initial fatigue hardening, whereas the steel strengthened by the addition
of 0.39, nitrogen showed remarkable softening from the early stage of the cyclic deformation. Even in
the steel containing 0.3% nitrogen, an increase in strain amplitude decreased the degree of the softening
and produced the saturation state. Dislocations configuration tends to be planar in the specimens showing
the softening and cellular in the specimens showing the saturation state. The softening and the associated
planar dislocations configuration could be qualitatively interpreted by assuming the existence of solid solu-
tion strengthening by some complexes between interstitial and substitutional atoms and the breakdown of
the complexes during the cyclic deformation.
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Table 1. Chemical composition (wt%).

Steels C Mn Cr N
L 0. 020 31.2 6.94 0. 007
C 0. 32 31.8 7.01 0.012

N (m) 0,03 31.8 6. 50 0.12

N (h) 0,03 31.2 7.51 0. 30

Si:0.5~0.7, P:0.002~0.006
S:0.01, Ni:0.2~0.6, Al:0.02~0.04

1573K x1h) ont, F7EE 10mm, EFE S5mm
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Fig. 1. Stress amplitude response for constant
total strain amplitude tests. Specimens were solu-
tion treated at 1313 K for 2 h and water quenced.
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Fig. 2. Stress amplitude response for constant
total strain amplitude tests. Specimens were solu-
tion treated at 1473 K or 1573K for 1h and
water quenched.
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Fig. 3. Hysteresis loops of steels L and N(k)
solution treated at 1473 K for 1 h. Small circles
show the 0.29, flow stress during the tensile de-
formation of each cycle.
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Fig. 4. The effect of the total strain amplitude
on the stress amplitude response of steel N (4).
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Electron microscopic micrographs of steels C and N (&) solution treated at 1473 K
(a) and (b) are for steels C and N(k), respectively, cyclically deformed at a total
is for steel N (%) deformed at a total
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Table 2. Plastic strain amplitude under constant total strain amplitude condition.

Steel (1/2) dep®
Steels
(1313Kx2h) (1/2) de ¥ n=10 n=100 n="560 n=1000
L 0.8x1072 0.55x 1072 0.50x 102 0.50x 102 0.50x 1072
0.9 »n 0.58 @ 0.58 0.57 n 0.55
0.8 n 0.45 n# 0.39 » 0.38 »# 0.37 »
C 1.0 » 0.59 0.50 » 0.49 n 0.48 »#
2.0 n# .23 »n 1.08 »n 1.08 » .08 »
0.8 n 0.44 1 0.43 » 0.40 0.40 »
N (m) 1.0 » 0.58 » 0.58 0.55 0.55
2.0 »n 1.41 1.36 »n 1.33 »# 1.33 »
0.8 »# 0.36 7 0.43 » 0.48 n# 0.48
N (h) 1.0 »o 0.51 o 0.58 0.60 0.60
2.0 »n 1.23 » .23 1.21 »n L21

1) total strain amplitude 2) plastic strain amplitude

S.P = A6y - A6n
A6y

STRESS AMPLITUDE
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Fig. 5. Definition of softening parameter.
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Table 3. Comparison of softening parameter be-
tween austenitic stainless steels and 329,Mn steels.

Steels (1/2) de, © (1/2) dep? S.P.®
A 0.7x10°2 0.37%x10°2 0. 0444
a o h) 0.9 n 0.48 0. 0270
1.1 » 0.62 » —0. 0057
0.7 n 0.37 0.1023
310N5 g g N
0.9 0.53 » 0. 0205
(1323 Kx1h) 10 0.61 0.0127
32Mn (m) 0.8 » 0.42 n —0.0291
(1313Kx2h) 1.0 » 0.57 n —0. 0847
32 Mn (h) 0.8 0.42 0. 0767
(1313 Kx2h) 1.0 # 0.56 # 0.0159

1) total strain amplitude

2) mean value of plastic strain amplitude for 10 th, 100 th,
and 560 th cycles

3) refer to Fig.5

4) 0.017C, 13,6 Ni, 17.2Cr, 2.4 Mo,0.113N

5) 0.013C, 20,2 Ni, 24.9Cr, 0. 17N
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