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Effect of Stress Waveform on Corrosion Fatigue Crack Propagation in High
Strength Steels—The Role of Anodic Dissolution Mechanism
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Abstract

The effect of stress waveforms on corrosin fatigue and the role of dissolution mechanism
in 3NilCr steel and 20Ni maraging steel have been investigated in aerated 3% NaCl solution
and synthetic seawater under sinusoidal, triangular, square, positive sawtooth, negative saw-
tooth, and trapezoidal stress waveforms with open circuit at frequency of 1Hz and stress ra-
tio of 0.1

The crack growth rates under square waveform were substantially lower than under sinu-
soidal and triangular waveforms, but the crack growth rates under sinusoidal waveform were
slightly higher under triangular waveform. For a given frequency the growth rates under
the positive sawtooth waveform are higher than those under the negative sawtooth wave-
form.

The fatigue crack growth rates of most specimens were in good agreement with the values
calculated by the model based on the dissoultion mechanism.
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Table. 1 Chemical composition of specimens
(wt%)
C Si Mn P S Ni Cr | Mo | Co Ti Al Cu Fe
3NiCr 0.07 | 022 | 025 | 0.006 | 0.005| 3.00 | 1.0 0.3 — 10045 — [0.0025! Bal
20Ni Maraging | 0.011 [0.0018| 0.006 | 0.005 | 0.005 | 20.47 | 0.041 | 483 | 7.74 | 0.73 | 0.105 | 0.104 | Bal
Table. 2 Mechanical properties of specimens
3NilCr  |20Ni Maraging /\ l
0‘?% 1 N 716 MPa | 1670 MPa
offset yield strengt SINE TRIANGLE SQUARE
Tensile strength 814 MPa 1900 MPa
Elongation 20% 53% -10.2]~
Hardness VHN 250 VHN 420 ’\
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60umE A A WA L2 sted ke POS'SAWTOOTH 031 ;.05]3; NEG.SAWTOOTH
TRAPEZOIDAL
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Fig. 2. Fatigue crack growth rates of two steels
in laboratory air under sinusoidal wave-
form at R=0.1, f=10Hz
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Fig. 3 Corrosion fatige crack growth rates of 3NilCr steel in synthetic seawater at R=0.1, f=1Hz
(a) under sinusoidal, triangular, and square loads, (b) under positive and negative sawtooth
loads, (c) under trapezoidal and square loads.
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Fig. 4 Corrosion fatigue crack growth rates of 20Ni Maraging steel in 3% NaCl solution at R=0.1, f=1Hz,
(a)under sinusoidal, triangular, and square loads, (b)under positive and negative sawtooth loads,

(c)under trapezoidal and square loads.
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Fig. 6 Fatigue crack growth rate calculated based on dissolution model aganist measured data at 30 MPa

v/m {(a) 3NilCr steel, (b) 20Ni Maraging steel.
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