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Fretting Fatigue of High Strength Steels for Chain Cables in Sea Water

Kozo NAKAZAWA, Masae SUMITA, Norio MARUYAMA and Yoshikuni KAWABE

Synopsis:

Fretting fatigue tests of high strength steels having ultimate tensile strengths of 490, 690 and 880 MPa
were carried out in sea water under free corrosion condition, and the effect of fretting damage on fatigue
life was investigated. At high stress amplitude, the higher the strength of steel, the longer the fretting fati-
gue life. At low stress amplitude, the fretting fatigue life of all the steels decreased to 10-20% of the con-
ventional corrosion fatigue life and showed almost the same life irrespective of the strength of steel. The
fretting fatigue life in sea water was much shorter than that in air, and the fretting fatigue strength at 107
cycles was lower in sea water than in air. The saturation of fretting fatigue damage occurred beyond a cer-
tain number of fretting cycles. The ratio of the smallest number of fretting cycles to the fretting fatigue life
for the saturation to occur in sea water was less than 0.005%, but that in air was about 30%. It was shown
that the fatigue life in sea water was lowered by the fretting damage of a small number of fretting cycles.
Key words: fretting fatigue; high strength steel; sea water; free corrosion; saturation of fretting fatigue

damage.
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Table 1. Chemical composition of steels used (mass%).
C Si Mn P S Ni Cr Mo " Cu Al Fe
490 MPa grade 0.25 0.29 1.20 0.002 0.002 — — — — 0.059 Bal.
690 MPa grade 0.32 0.38 1.40 0.002 0.002 — — — - 0.053 Bal.
880 MPa grade 0.18 0.32 1.26 0.001 0.003 1.04 0.60 0.49 0.26 0.059 Bal.

Table 2. Mechanical properties of steels used.

do.2 (MPa) og(MPa) ¢ (%) &(%)

490 MPa grade 364 540 75 29
690 MPa grade 682 808 71 17
880 MPa grade 917 1010 70 15
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(a) Fretting fatigue specimen
(b) Pad for fretting
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Fig. 1. Specimen dimensions.
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Fig. 2. Schematic representation of fretting fa-
tigue test.
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Fig. 3. S-N curves for 880 MPa grade steel.
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Fig. 4. S-N curves for 690 MPa grade steel.
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Fig. 5. S-N curves for 490 MPa grade steel.
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Fig. 6. Comparison of S-N curves for three
steels.
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Fig. 7. Ratio of fretting fatigue life to conven-
tional fatigue life in sea water as a function of
stress amplitude for three steels.
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Fig. 9. [Initiation sites of fracture in fretting fa-
tigue specimens shown in Fig. 3, 4 and 5.
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Photo. 1. Scanning electron micrograph of fretted
surface near the initiation site of fracture in 880
MPa grade steel specimen tested in sea water at a
stress amplitude of 350 MPa.

Photo. 2. Longitudinal section through fretting
scars in the same specimen as shown in Photo. 1.
Fretting scars different from fractured site is
shown. An arrow indicates the section observed.
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Photo. 3. Longitudinal section through fretting
scars in 880 MPa grade steel specimen tested in air
at a stress amplitude of 351 MPa. Cycles to failure
: 5.5X10% An arrow indicates the section observed.
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Fig. 10. Effect of fretting period cycles on total
life cycles for 880 MPa grade steel. s.a. means
stress amplitude. Closed symbols (W and &) show
the data in which fretting damage was given in air
and subsequent fatigue test without fretting was
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FMCE 2T & TBROEELZII T2 L
BFRMELTWA,
3:-6 BRPEARNDILY F 1> THFEDLE
WP ERERDO TV v 714 ¥ FEFEBOHEIZD
EOLIEHTES. (1)7V v 74 v FHEEBHED
faf04 % BRAME LB, #AT T 10 piEET, %
L E LI IR T O KK OBRF R L o 1/10*
THD., (2)RKPTIIRFEE LE L sREERGIX
I T A0 L, #KPTIRERS LT,
PRFLHE LB A HRBEBGO 1/10° LTFTH5. (3)
KRPCHEFIEMmCOT L TEALD NS AR
bOTREL, IRFERL TR L5 L EOERKH
PRI LCEAFRICEL S, AT 58
FOREV» SEMEICH LEAFAICERT 5.
KEF7V o T4 v 7EFTIE, BREEELEE &R
RELOFEBIUVEHOERAEDLOERT, SRR
B AHERMVBEEI TR 7Ly 74 ¥ 7T 5
BREE, BEHL EONFENRTFOEEIKEV, —
W, KR T LUy T4y VR TIE, AERBEHFEGICL
NTRFEE LBIED TS v, REEELE»S &
HBEE T COMI, BBEEENTTIZRMLTWADT,
XBBHIIF LIV y T4 v I TOHENRFOEEZ
NS, HEKPEGE LIGH T COEBHOBERLFR 2
BEHHFBEELBBELELT0HLEILND. T/, &
BERFAH,OELCT, SBERESO SBERIHLT
LHENRTOEBI/NSWEEIOND., TDXIIT
FFHRFE TV v 7 1 2 TERFICB XITTEEIIHEK
REREAPFCTELL. AMTW, EMEEB X UHEL
ABELX L L, M) RIEAE IR BT S
REBEHTICTTI VL vy 74 v TESESH TR, &5
KR TU T4 Y TEFERICB LT ALRATF
DHBLIEBETAHZLIEETH), HTREZEDT
Wb,

4. & B

B3R & A% 490, 690 3 X UF 880 MPa & D4R FI MR
Mo C, HRKFERBETBLORAFTT L »
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732 % L W £ 744 (1988) £ 4 B

T4 v TEFTRBELIT, JVy T AR LOEED
EHFERLEETA I LICXY, Kb TV TF 4T
EHFHEZIERL, BAPBEAEETCBLIET 7Ly
T4 THEBOREYRE L. ToREr Lot
DXDEBNTHA.

(1)EKFOTL » 71 v VESHEGTEKRPOEE
EHFmEDEFEL H.

(2)@AKPICBVT, BENRERTIEEOT VR
BET Ly T4 v ZEFHFEEEY. 100~150 MPa ©
BRI RIS T, MOBEDENILBEEI LR,
FTRCOEMD TV v 7 1 ¥ FESHLEE OB
H&o 10~20% %Y.

(3)lEKFDTIL » 74 ¥ FEFHEGERKFOEN
EEHBTHE, TRTCOMIIONT, BILHIRIEET
P ITIEFE CEG 2R T 4, RIS IRIEE T K

OB AEEGL R, W0 EOT L T4 v SRS

FEZ KB DS HE L K.

(4)880 MPa ##ICoWT, HAELEZ T 7Ly
T4 Y TEFABRETOE, BEOEFRBIIBITL
TEFHMERANTHBER, RERPBLPEKRE LICH
WEFXERTL 7L v 74 ¥ 7HEBHEIH HE LB
el 7z, BEHENRNT 2 TRAOHE LKA
ZLy T4 FREOBELEBELSALXEHEFHICLHEOLY
A, KEHPTH 0% THHDWHL, #KFTIR
0.005% LT LB T/IhEL, bEFrh IV oF a7

BB LOTHEGIETT 5.

B®&IZ, 7V T4 v VEFRBRICOWTHER Y W
LW EREMEERE BPE 8RB X OURERE
BBERIBHOBERT 5.

ARG EEEAT OB EHATRARERIC LD T
FEHEY L IR ZHSOEHFIRICE T 285, ©
—BRE Lo,
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