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Fatigue Crack Growth Behavior in Lower AK for Ti-6Al-4V in Sea Water

Synopsis :

Masae SuUMITA and Norio MARUYAMA

The factors which control fatigue crack growth behaviors in Ti-6Al1-4V in the AK range less than 30

kgf/mm® ? in sea weter were discussed with respect to those in the air.

follows ;

The results obtained are as

1) Fatigue crack growth rate, da/dN, is higher in sea water than that in the air at the stress ratios of

0.1 to 0.7.

The trend is much remarkable at lower levels of stress ratio and AK.

2) The value of da/dN in sea water is not influenced by the crack tip closure at the stress ratios larger
than 0.5, while da/dN in the air is influenced by the crack tip closure at stress ratios larger than 0.9.
The different crack growth behavior in sea water from that in the air is explained in terms of roughness

of fracture surfase.

Rougher fracture in sea water is resolved into a smoother one.
3) The da/dN value plotted against AK,.; in sea water is higher than that in the air.

However, max-

imum ratio of da/dN in both the environments is less than two.
4) Crack in sea water does not grow at AK levels less than the effective stress intensity threshold,

AKip op in the air.

5) Fracture surface consists of cleavage-like patterns in sea water and in the air , and it shows of o
grain boundary cracking and transgranular cracking of @ phase in both the environments at AK levels close

to AK,},.

Key words : fatigue crack growth rate ; sea water ; Ti-6 Al-4V ; effective low stress intensity range ;

microstructure ; stress ratio.
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Table 1. Heat treatment and mechanical prop-
erties.
Heat treatment oB ay Elongation
€at treatmen (kgf/mm?) | (kgf/mm?) %
933°CX50min ~ W. Q.
SL | 545°Cx 6h A.C. 124 By 7
APL | 720°C X% 2h A.C. 100 95 27
950°C X 1h A.C.
AL 1 720°CX 2h A.C. 102 96 14

(a)1074 |

SL Air
A R=080->093 (Pmax const)
O R=070
O R=050
A R=010

<
2

S
()

RIEEZ, KB D do/dN 2 HRICKD-KAST D do/
dN® LB+ A2 224D, do/dN *HETHRFIC
OWTHRHTAZ L HMETA.

2. E B A/ &

2-1 H®HE

M L7 Ti-6A1-4V DfLFHLE X 6.54% Al-4.32%
V-0.004% N-0.18% 0-0.004% H-0.28% Fe-0.011% C
Thsb BUREGBXOBEEAMEE % Table 1 (IR
F. AB SL oM ERIELEIC X D ERRILL -0
frafl, ZhefflliZ a2t L7 BSOS, B
APL O a e « REIWCHFLET S 7 4 L AR
BHirHLBEKENTEY, MO ICH~NTAHOES
A&V, BB AL O#IE I ERIRIL L 22 94T o« M & B
LIREEA HZEm T B ERICKR L2 e 26T 5 S
POBEENS.

#¥ SL, AL o9 « HOTERE I Zh Fh 40%,
82%,58% TH 5.

2-2 KBRHE

2:2-1 EHRERH K

40 mm 8, 5mm [EO R RYIR &+ & WABH 2 FH
L. %&b, REBRORESHRREELATHS.

2:2:2 FEhAR

(1)FRERME . £10 ¢ AR RIE N BRME % Vv 7.

(2) ek (DL R L3 $) ik 0.1, 0.5,
0.7,0.84,0.90 3K T 0.93 ¥ H 7.

R=0.1,0.5 BX U 0.7 DIFE, KRPIZBWVTEHL
RO RIET AK BARBRIZX DN X BB T RME
(LM% AK,, £50F) L 2T AKZ FIFA%, 5
P LOREBH CHO AT ThHRBE K EAL,
2~300pum XRFER S, F0F I ORET—-BER
8 Ppax — D AK WIRBRIZ & ) #KH O da/dN
¥RKo7:. R=0.84,0.90 8L 0.96 DIFE, KK
P T Prae — 3 AK BAED 12X, AK % AKy <
I CT 1%, AEBMIC#HAKEEA, LT R=0.1,0.5
BLU 0.7 DA L FEBRIC LT da/dN %K 7.

(3)ITT#HE LR : KA, #EKHPh L b 23He, 72

da/dN, mm/cycle
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Fig. 1. da/dN as a function of AK in the air.

2L, #KPTII—E 0.5Hz ¥ B L /-
(4R Feggx Fv7-.
(5)XREXHIFE : 53R X50 CTHAGAMEIC LA

—155—



1856 % oL W

% 74 4

(1988) % 9 %

SL sea water 23Hvz
10—4 = R=0.93 —
R=0.84
R=0.70 c
R=0.50
: R=0.10
% AK decrease 4

> o o »

da/dN , mm/cycle

_.
3
~

1 "8 L
0 5 ! 10 20 30

4K, kgf/mm3’2

Fig. 2. da/dN as a function of AK in Specimen SL.
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AK M TH D, WD 5SRO I L b b,

(1)R=0.1 BXU 0.5 D1y, AK<20 kgf/mm*?
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Fig. 3. Comparison of da/dN in sea water with
that in the air in specimen SL.
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Fig. 4. da/dN as a function of AK in specimen APL.
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Fig. 5. da/dN as a function of AK in specimen AL.
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Fig. 6. da/dN-AK,; curves.
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Fig. 7. Comparison of da/dN for AK ; in sea with

that in the air.

%umdmw«w%@ﬁ%%énfw&wwd

dN),./(da/dN) ;. DEKIENHR 3 TH 5 (Fig. 3 M)
CExEZADbEALE, ERAOD do/dN ~DEE*
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HA D 7% AU
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TEHLTLLEL WY, Fy oo+ 2T BEITE
THTHRBREBERICX ) pH AMET L, ABIRER
BEABHEEEL UERERITEEZLATVLSD
ZOBABREL pH iS5 > TH 1, WEF S V54
TH 5 Ti-0.8%Ni-0.3%Mo T 0.2 THH®, L»L,
TXRH#MF ¥ > 0T 2 IBEOREEIKATEEB LY
NaCl & 12AKF L, NaCliBEH 3~4% ORBEOHE
KRETTETEIBAIAELSD LI3E 2 HEW,

Lo TARERIIBIIA L) 2 NTilEKkbhoEH &
FURIBARIC BT, ARWNHELET A2 T E R R
TRRFZEREDLER LY pHPETTHEREZSN
v, LaL, EACBOWTIIWENSENES LI

XQEWMTHEEmMIR S NLH S, FRHEHLL
t?/—b&&h,%@M@Tﬁ%iﬁ#wz—bt&
D, BHEBEREEICIZL S Passive-active cell TR,

A

a) Sea water, AK = 30 kgf/mm®'Z,
R=07
b) Air, AK = 25 kgf/mm®?, R=0.7
Photo. 1. Fractographs of
specimen APL.
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7/ — FAMIr#EITTHEELZS5NS. Photo. 1a) £
AT L) ICHKPORHIBALTED, 7715+
{2 Photo. 1b) D KA OBIE (~&BIK) CE~NTFE
HWTHhan.

DEo X512l KFOENEEIEBED -0 I KAH
DENBEERICHENTINDFHIILZZOT, #BAKTO
da/dN & R KGN KA F O RIKAFEHICHE~NTAH W
bOEEZONRL., L LASASEROEEIAEIZL
WE %Y, A APL & AL i3 Photo. la) ® & 5 /&
ALZBE T, {8 SLicBwTikikbTto
&R ORI HEEG .

Mevn 13 (e+ 8) B ® Ti-8Al-1Mo-1V % B v T
AK<AKscc THU % Type B OE B I KRB Tid
(0001) . & A\rid (0001), 26 15° WA~ EBAHE T
HH, 3.5%NaCl BHEF TIEKRF L X £ %D Grainy
THHD ER~NTWAH, LaL( ) Elo kS ks
OWEIENEFROFAEAT / — FEBR L EZLS
hAZ &, #LT()Photo. 1 2BV T a)digKe
DHHHBEMOKE S IE b)DOKAF O EFRBEED
77ty POKESLFELTHL I NS, BHIIBAK
hEBKFTRENIIF L THELEELLNS.

3:4 da/dN~ZE% RETEREAOUAOEF
da/dN ~Z B2 R EFTHFOH b, SRFHAORTF
AERF: & N7z da/dN (Fig. 6 BL U Fig. 7 ¥ 58]) &
ZOMORF & ORFR LR T 5.

HAE SL OB mAERTH 5 B % Photo. 2 1IR3, #EK
F I NI & KSR OIE AR I O [ TR X ZUEHE
HEDOEABL P2 REROBDHE VI RKESITKEL

a) Sea water, AK = 14 kgf/mm>?, R = 0.84

b) Air, AK = 16 kgf/mm>'2, R = 0.74
Photo. 2. Metallographic crack-path sections of
specimen SL.

HEZR SN, Fig. 6 IRLZX S IClEKBPEX
RHPD da/dN ZIHIFHE L. TDOZ E3HEKD da/dN
ANDEEBLKEAD da/dN ~OEEFIFITE LW L *
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IB(2 ) DNORTFIIERESR TS, E56I12(2)DK
BNFOH 5(1)OBRBEBRIXZPERTIIEHTE
DT, HEBICIEIHREL KE»ZS. T4bD
da/dN ~DOW KD BV IEKFEOLENEAT L KA
THLVWIEXFERL TS,

FEUEECHLTBRKPHLVIIEKPICBITL E
HEmMOERD*EERAHEET 2. W i
STOA WLE L 72 Ti-6A1-4V % W T KERP THE MR
BR % 4TV, da/dN O KRGS X 5 I i H 4w & K&
ADOIBIC L2 THEL KKK AR ZDTH D,
da/dN 13 SRR~ DO KELR DB L EE I X D AH S
NTWwhEEZD, 20, HFHEEKERD LN
WBEEELORBICE Y TIOBHABEK IR THWAE I L E
A=V RECIOBRHE LTS, —F, Ti-8AL
1Mo-1V % H 272 3% NACI KiF#+ D SCC RER T,
SCC iF a-plate N T~EBKICELTB Y, BmELLC
F 5y RFEEARB S hTnb22,

Dozt d2EEESTLE, KEBRIZBT S Ti-
6A1-4V DK AK B KPR N 2 ZURERBRIC BV T
BEEA~NEFRTH B 00, AZUEFBICAKENEY
LT B HEME AT .

A AL OB EHEWTIRIE E % Photo. 3a) 8L U b)
WRT. HEKPOBENE RS OB I TR IS
MY vy, 24 Photo. 4 IC/RT X ) I~ &

> 5 ':' P i
“A {0 : : 3 0 :
e R e ;
@z%é\ £ @\.
G 3 e BT

4

a) Sea water, 4K = 17 kgf/mm®?, R=0.9
b) Air, AK = 15 kgf/mm*2, R= 0.8

Photo. 3. Metallographic crack-path sections of
specimen AL.
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Sea water, AK = 32 kgf/mm® 2, R = 0.7

Photo. 4. Fractograph of specimen AL.
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L. BRHUSSIEICE 1r}JIHIiJ‘bL.h‘:V){K’@}JIHH PR
HEEZBE, 2RERPEEL TS, ZORFE
HIMRARE E 2 2 HBRTH L. k) B aRiE
950°C THMALIR 4 720°C THERS L 72588 AL
D KPOXZREFII B TORBN LY, FOBANL
AHTH L. ¥ AL il K D do/dN O K0
da/dN \ZX$ A INA#EE i Fig. 7R L2E ) ICmd
KEWI EHASH LT, Photo. 3a) ® X5 7% & R{sikm
it SRAERL RIS D T Lk h

Fig. 6 (28 Ta¥ SL gkt o da/dN?fJ KEih
® da/dN £ 131Z% Lo, {KH SL o kAt o
da/dN DO R D da/dN IZHNTE V2D TH S &
Bbhsn, HH SL oyl s o5 05| ki &
12~ T 20 kgf/mm? DL EE <, 124 kgf/mm? TH 5 7
O N S RIZHE I3 5 KFEZHIECL2TS
N, KA OKEFIC L5 KFERIC A S O KEREL
EREIC RO TWA EEZLNRD.

A ¥ APL OBIHIRERTHIS E % Photo. 5a) B X U b)
WY, MRS TR A RIS B L O 2 R ERE
I K & A HERR Sz, L L Photo. 5 &
Photo. 3 % 1t ¥ % & ¥ APL @ & 233K AL (2

KA Tiin & RIZE S OERE A K E v, ZhaER
TRAF LW KPD do/dN DFEFV R O LB bh

w w@éf* &}

£ adiede

a) Sea water, AK = 16 kgf/mm*%, R = 0.9
b) Air, AK = 15 kef/mm™?, R = 0.8

Photo. 5. Metallographic crack-path sections of
specimen APL.
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AR AK O da/ AN (B RIFTY. 3 4b b, am,
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AEEHTHAD I L EFTH]Y CTak~7z. Z O HEK
hOERBEIICBWCOREBETH S, K SL ofl %
Photo. 6 127”9, EHEF L L TakiFmEE SHAZ
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EREAHOBERRRFELTH L. 2070 BN
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Ti-6Al-4V O AK B 81T 5 ALK IEn & BHEEIFYE 1861

Sea water, K= 9 kgf/mm3 2 R=0.77

Photo. 6. Fractograph of specimen SL..
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