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Effect of Cathodic Protection on Fretting Fatigue of High Strength Steels

in Seawater

Kozo NAKAZAWA, Masae SUMITA and Norio MARUYAMA

Synopsis :

The effect of cathodic protection on the fretting fatigue of high strength steels in synthetic seawater was
studied. The fretting fatigue life in seawater under freely corroding condition was much shorter than that
in air. Using cathodic protection, the fretting fatigue life in seawater was greatly increased, and became
longer than that in air, and the lower the frequency, the longer the life. The improvement in fretting
fatigue life by cathodic protection resulted mainly from the increase in crack propagation life not influenced
by fretting. This increase was probably caused by crack closure effect of calcareous deposits produced
“under the cathodic potential employed. In stainless steel used to compare with the high strength steels, the
fretting fatigue life in seawater under freely corroding condition was almost the same as that in air.

Key words : fretting fatigue; high strength steel ; stainless steel; seawater; free corrosion; cathodic
protection ; calcareous deposits ; crack closure effect.
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Table 1. Chemical composition of steels used (mass% ).
C Si Mn P S Ni Cr Cu Mo Al Fe
‘ 880 MPa grade 0.18 0.32 1.26 0.001 0.003 1.04 0.60 0.26 0.46 0.059 Bal.
HT60 0.12 0.30 1.26 0.014  0.002 0.49 0.12 0.15 0.15 — Bal.
DPSS 0.002 0.50 2.99 <0.002 0.005 5.67 24.32 — 2.97 0.005 Bal.
Table 2. Mechanical properties of steels used. ! I I
500 880 MPa grade -
0.2% P.S. U.T.S. R. A. ElL Plain fatigue 20 Hz
(MPa) (MPa) (%) (%) " o |lIn seawater c.p.
& 400 _d» SN .
R - T
DPSS 528 647 79 35 retting Inair?
-~ 300k fatigue i
3 -——In air 20Hz"
3
p . = I t
1473 K-3.6 ks MIZAABEICLD 60mm AL L, &5 gmmr—"ﬁWﬂn_ __________ ]
IC 1473K-7.2 ks MAKBMEL(C £ 0 25mm 0 < | —Inseawater
n
HBIZ L, E5IEVy NV PN EFHWT, 830 MPa #& @ 100 O Inseawater c.p. 1Hz .
#1132 1173 K-7.2 ks Ekik2e5—1153 K-3.6 ks ki @ o In seawater c.p. 20 Hz
K1 —+838 K-3.6 ks MELZ KT OPEANBED & L ALH 0 ,é 1& 10° ,;
fTo7z. F7- DPSS i 1273 K-3.6 ks MZLEKEG Cycles to Failure
N #h Tot. Thi #) 16% &
)Fﬁﬂj_ &%E?1Tﬂﬂf niLLD yHIER %EE' Fig. 1. S-N curves of fretting fatigue and plain
G y-0 ZARMR R 7. HT60 SI3)F & 25 mm DKM fatigue in seawater under cathodically protected
A—H =B EAFT TR IO FEMOBMT condition (c.p.) for 880MPa grade steel. The data
YE % Table 2 (253 with * represent specimens fractured in such a
N o ; . .o manner as main cracks initiated at shoulders coated
RBST > Z OREHMAEIES T 5 L5 12 with silicone rubber. For comparison, the data
DL, 7b o7 g v ZESHREREB XOHW AR in air and in seawater under freely corroding
B H- OERREETEHY EETH L. 25y FOEME condition (f.c.) obtained in the previous papers’®
FE#% 80 MPa (8.2 kgf/mm?) —5 & L, #:58 L &#14, are shown.
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72, WK DIREEE 298 + 0.2K (25 + 0.2°C) (ZHI# L 72.
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NE PEvAHEEBERM i3 u=F/PTEHRSIRS,
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7o dE K E AR T OB 5758 150 MPa @ 2 f5LL B
L oTBY, HY— FRHEOMHEIKE V. 20Hz IC
BUFBWAKFRH Y - FHETOT Vv 74 v S Fay
FHRBETBLUARRFDOZNE AT, BRHIEE
TIRIZIEFELTH B2, KICHIRETIREFEL (REGT
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Cycles to Failure

Fig. 2. S-N curves of fretting fatigue in air, in
seawater f.c. and in seawater c. p. for HT60 steel.
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WD B h o7z 72 HT60 $ 5 Hz 12 BT BB
R O BERAR G, W% L 72 250 MPa LA O 17 4R1E
T, Fig. 4 OBEBRE L IZEIFHLTH -7 #KPH
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WOEMBHRICEBEEZONS, #kPr Y — FHR
TTid, Ca® Mg * 5CHBOEFERY A LA
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=
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o | |
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Fig. 3. S-N curves of fretting fatigue and plain
fatigue in air and in seawater f.c. for DPSS steel.
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Fig. 4. Friction coefficient during fretting in
three environments for 880MPa grade steel.
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DPSS i O BEEABELEHEET &£ i< Fig. 4
880 MPa #& M #Jis ) IRE 250 MPa LT D 21 & & 131F
[, HT60 S0 BEBREAEL L bi3iT—F L 7.
34 EHFBFSICRIFT Ly T4 THREBELED

©E

880 MPa #%& S @ It J7 3R W& 300 MPa (#4334~ 0 IRIE
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BLXUOA Y- FHETIBIAHRR 7L v 714 » 7S
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Stress Amplitude / MPa

Fig. 5. Friction coefficient during fretting in air
and in seawater f.c. for DPSS steel.
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107 & 5
880 MPa grade 20 Hz
- Stress amp.
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e
I/}
0 o In air 2
K]
105 | A In seawater f.c. .
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® 0 In seawater c.p. 1
3 L
- |
S :
§ L\r‘/\ l
ool
105 N A / -
4“ 1 [ 'y i
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Fretting Period Cycles N¢

Fig. 6. Effect of fretting period cycles on total
life cycles in three environments for 880MPa grade
steel.
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T4 TEFEGICELLRA Tabb, #HEBR
1 X 10° [b] (£FHo# 20%) TN+ 5. KAF o
£, 853 8 X 10* @ (&Fa 0 66%) THRAT 5.
N, O2BBETIE, BBRTA2EIICTVy T4 7
L% SHORE L SRIZFBOMEIHIET 5.

DPSS # 5 & ¢F HT60 8 ©Jis S #RME 200 MPa (Afxd
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IR, KD 79012 DPSS SO KKTOERLIRT.
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T 1X10°ETEoY, 2R ED N, TN ixZh
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J 14 T T T T
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!
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(8] Q A
o a L__f_ =
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105F .
N 3 1 /l

[
o 10° 10% 10° 108 107
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Fig. 7. Effect of fretting period cycles on total
life cycles for HT60 and DPSS steels. The data
with * represent specimens fractured in such a
manner as main cracks initiated at different
sites from fretted areas.
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Inclusion observed in HT60 steel.
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(a) In seawater f.c.

Photo. 2.

(b) In seawater c. p.

Scanning electron micrographs of fretted surfaces near the initiation sites of fracture

in 880MPa grade steel specimens tested at a stress amplitude of 300MPa.
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BRI, 1Hz & 20Hz TIEEEILTH 722 L »
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DEEEEBRIC I X1 AIRETREC L LM sh, 7
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DEEZLND,
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CRIFTHY - FHREDERRHFELT, 7Ly F 4>
7Lié%ﬁk;b@ﬁmmL~E/b AT

EHICEEL V) BELHEILETAS a,ﬂmx;u%
ﬁﬁibﬁé%b LTV T a4 IROBBERENSL

EHORELIFBOMELIH TS 2 L, SREHIC
bHéﬁﬁ@WﬂbiU%%iﬂ%kléé”%DL

IHEBHFGEHMSI LD I LV ETFLR S,
TakeucH! B X UF WaterHouse® 1% 0.64% EFE O K
M7 Ly T4 ZESFMmIE —950~—1000mV
(SCE) o v — FHABMTTELLAETAZ L %
RL, #OFERELTI Ly 54 ¥ FEMEICBVTE
AL % FUB DB S R EMEROFE 2231274 -
Tk, BXUOHWKICKDEBERBETOMELETT
Wh. Y Th v — N & REBROH OIEE
HEEFELETEEAIEXHEL TS, KBOH
&, HV— FBHAERIE —1030mV vs. Ag/AgCl T*
REBFREXATH D EREFDOEREDZ L Z0FES
BREV, Fapm b FICERERYIC LS EHEAOK
LoThhbans.
4-2 ERAMERAT L AROLR

W OGREKEIZIZIZFR L TH 0, BEEEBEELH 2
IZFBETH - 72, Fig. 2 & Fig 3ITRLAL I ITKE
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