E5RSE HT60 o % BALIG £ 5784212 31F 5 o) [F 5 iR i 113

© 1989 IS
I

X

i

k)18 HT60 g AL ELIR 5 Az I
BT B ] [F A 504 i

NP ORER] - P FIAT? - TH fEET
PRt REFD A AT

FFT Analysis of Polarization Current Fluctuation
during Corrosion Fatigue on HT60 High-strength Steel

Masashi ONo, Yoshihiro KAYANO, Masayuki SHIMOJO,
Yakichi Hico and Shigetomo NUNOMURA

Synopsis :

During potentiostatic corrosion fatigue test, fluctuation of polarization current which is synchronized
with the cyclic tension-compression loading was observed. This current fluctuation means that the corro-
sion rate was accelerated by the cyclic loading. Using Fourier transformation, we separated the current
component of this accelerating which is synchronized with the cyclic loading from the polarization current.
We named this component of the current “Stress Synchronized Polarization Current (SSPC)” and compared
it with the fatigue life.

Corrosion fatigue test for high tension steel HT60 was carried out in artificial seawater solution and in
borate solution under the condition of bend type specimen potentiostatically. In the artificial seawater, ex-
cept the potential range where prominent general corrosion or hydrogen embrittlement occurred, there was
a good correlation between SSPC and the fatigue life. Under the potential where SSPC was low, corro-
sion fatigue damage was also small and then fatigue life was longer. This correlation is further clear in
the borate solution in which the passive film formed. The result suggests that the SSPC, which can be
measured at the early stage of fatigue test, is useful to estimate the corrosion fatigue damage quantita-
tively.

Key words: corrosion fatigue ; polarization current; accelerating test; Fourier transformation; HT60 steel;
seawater ; borate solution ; fatigue damage ; fatigue life.
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Table 1. Chemical compositions (a) and Mechan-
ical Properties (b) of HT-60 stee]

(a) (wt%)

C Si Mn P S Ni Cr Cu Mo
0.12 0.30 1.26 0.014 0.002 0.49 0.12 0.15 0.15

(b)
y(MPa) o 5(MPa) (%)
618 669 41
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Fig. 1. Dimensions of 4 point bending specimen for
fatigue life test (a) and tension-compression speci-
men for current measurement (b).
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Fig. 2. Block diagram of solution flow for 4 point
bending corrosion fatigue test.
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Fig. 3. Experimental apparatus for corrosion
fatigue test and measuring system.
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Fig. 4. Potentiodynamic polarization curve for
HT60 steel in artificial seawater measured at room
temperature and 50 mV / 3 min.
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Fig. 5. Relationship between applied potential and
corrosion fatigue life for HT60 steel in artificial
seawater at room temperature, with polarization
curve.
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Fig. 6. Strain wave form (a) and its power spec-
trum (¢), AC components of polarization current (b)
and its power spectrum (d), during initial corrosion
fatigue in artificial seawater, under * 150 MPa of
loading and —600 mV of potential.
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Fig. 7. Relationship between applied potential and
stress synchronized polarization current change for
HT60 steel in artifitial seawater at room tempera-
ture, with polarization curve.
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Photo. 1. Scanning electron micrographs showing
the corroded surface of HT60 steel at 80% of fati-
gue life in artificial seawater at room temperature
under the potential of (a) —700mV (28 000 cycles),
(b)) — 500mV (18000 cycles) and (c) — 300mV
(18 000 cycles).
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Fig. 8. Relationship of stress synchronized polar- Fig. 10. Potentiodynamic polarization curve for

ization current and corrosion fatigue life as a func-
tion of applied potential for HT60 steel in artificial
seawater at room temperature.
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Fig. 11. Relationship of stress synchronized
polarization current change and corrosion fatigue
life as a function of applied potential for HT60
steel in borate solution at room temperature. '

Photo. 2. Scanning electron micrographs showing
the surface of HT60 steel corrosion fatigue speci-
men at 20% (a) and 50% (b) of fatigue life (43 500
cycles) and after rupturing (c), in borate solution
under the potential of +400mV at room tempera-
ture.
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