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Saturation of Damage in Fretting Fatigue of High Strength Steels

in Seawater
Kozo NAKAZAWA, Masae SUMITA and Norio MARUYAMA

Synopsis:

The saturation behaviors of damage in fretting fatigue at frequencies of 1 and 20 Hz in seawater under
freely corroding condition were studied using high strength steels having tensile strengths of 490, 690 and
880MPa. Fretting damage saturated beyond a certain number of fretting cycles, and this number varied
drastically with the steel and the frequency. The saturation behaviors of damage could be devided into two
groups, that is, the smallest numbers of fretting cycles to cause the saturation were less than 0.1% of the
fretting fatigue life (group 1) and more than 40-60% (group 2). They had a strong relationship to crack
initiation and growth behaviors. In group 1, cracks propagated normal to the alternating stress axis from
the early stage of crack propagation. However, in group 2 the cracks propagated at angles less than 90° to
the alternating stress axis, but changed direction to become normal as they propagated beyond a certain
length. This relationship could be explained from the mechanism that the decrease in the fretting fatigue
lives of group 1 resulted from the decrease in crack initiation life caused by the acceleration of corrosion
pit formation, and that of group 2 from crack initiation and growth caused by fretting.

Key words : fretting fatigue; saturation of damage; high strength steel; seawater; free corrosion;
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Table 1. Chemical composition of steels used {mass% ).

C Si Mn P S Ni Cr Mo Cu Al Fe
490MPa grade 0.25 0.29 1.20 0.002 0.002 — — — — 0.059 Bal.
690MPa grade 0.32 0.38 1.40 0.002 0.002 — — — — 0.053 Bal.
880MPa grade 0.18 0.32 1.26 0.001 0.003 - 1.04 0.60 0.49 0.26 0.059 Bal.
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Fig. 2. Effect of frequéncy on fretting fatigue life
at a stress amplitude of 300MPa in seawater for
880MPa grade steel.
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Fig. 3. S-N curves of fretting fatigue at 1Hz
in seawater for 880MPa grade steel. For
comparison, the data at 20 Hz in air and seawater
obtained in the previous paper® are also shown.
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Fig. 4. S-N curves of fretting fatigue at 1Hz
in seawater for 690MPa grade steel. For
comparison, the data at 20 Hz in air and seawater
obtained in the previous paper® are also shown.
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Fig. 5. S-N curves of fretting fatigue at 1Hz
in seawater for 490MPa grade steel. For
comparison, the data at 20Hz in air and seawater
obtained in the previous paper® are also shown.

DT ERIZ 690 B X U° 880MPa #4575 45 490MPa #%
ML KEWVETARZDONS, THIZOWTIIEET
BAD,

3:2 7LvyvrqrJEGERMNEL

490, 690 3 & UF 880MPa #IC 2T, #EKS 20 Hz,

KV

T T T T T T T
107 8 -
A In seawater 20 Hz
I
6 Stress amp. 150 MPa
- \
z "\
A
g%
o 105} =
> y‘\o e P~ W =A ..
g || TT==- o-=--—om ===y
- O 490 MPa grade a8 3
. g
3 A 690 MPa grade ‘q >
O 880 MPa grade o.-m
105 —j—1 1 1 1 |/ 1
0 o 102 10° 104 10° 108
Fretting Period Cycles N¢
Fig. 6. Saturation behaviors of fretting damage at

a stress amplitude of 150MPa at 20 Hz in seawater
for three steels.
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Fig. 7. Effect of frequency on saturation be-
haviors of fretting damage at a stress amplitude of
250MPa in seawater for 880MPa grade steel.
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Fig. 8. Saturation behaviors of fretting damage at
a stress amplitude of 150MPa at 1Hz in seawater

for 490 and 690MPa grade steels.
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Fig. 9. Schematic representation  of

saturation behaviors of fretting damage
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(a) 880MPa grade steel, stress amplitude 250MPa
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Photo. 1. Longitudinal sections near the initiation
site of fracture in fretting fatigue specimens failed
at 20 Hz in seawater.

Ny=4.5x10*
(b) Interrupted two-stage fretting fatigue, N;= 2Xx10%,
N,=1.6X10°
Photo. 2, Longitudinal sections near the initiation
site of fracture in fretting fatigue specimens of
880MPa grade steel failed at a stress amplitude of
250MPa at 1 Hz in seawater.
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Fig. 10. Friction coefficient vs. number of cycles
during fretting fatigue at a stress amplitude of
250MPa at 1 and 20Hz in seawater for 880MPa
grade steel.
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Fig. 12. Ratio of fretting fatigue life at 1 Hz to

that at 20 Hz in seawater as a function of stress
amplitude for three steels.
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(1)7Vo 5+ 7HBHEID LR L BB S
LML, fEflE AT HR/AORFEE L EIIHREDS X
Ol U BE ARAT U 7 SRIB R 288 i3, fafias 7 L o
F 4 TERBERD 0.1% LT TR 2B (Fu—
71) & 40-60% TR BFPE (FV—T2) D>
KB &7z, 490MPa #$i 1 B X0 20Hz THOf
M E BT N—TF 212, F7 690 B XU 880MPa #
$WD 1Hz TRZNV—7212, 20Hz TR NV—TF 112
BL7.

(2)3ZEBEDB X EEEE L BIEHRNEE L 3FE
ZRBRE D o Tz, ZV—71 Tld 22 EH/IH X
DR LIS EIC L CEAICEEL oL, &7
V=72 T3 I/ 90° L /2 fET
ZHEL, PHESEBAH LEMIEE L.

(3)(2)DBRIE, FNV—TFT1DOTVL v 5 4 ¥ 7EH
FBWII TV vy T4 YA EBBEAEY v PEBIMES 7T
BEERFFEGLVETL, Zy—F20FNiE 7Ly
FAVIREBEHBORBREBLIPEBETRTTAE WD
BEIIX-> TR SHBETE L.

(4)BWMO TV vy T4 ¥ FEFHFEIZ20Hz &0 1
Hz O 55, D& Tid 490MPa #3880 690 & X
¥ 880MPa RS D FHTK & v, T hizEEEEOE(L
WD FRIETHAEE LD EEZLNS.
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