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An Analysis of Fatigue Crack Growth Property in Ti-6Al-4V at Low

Stress Intensity Range in Air

Masae SuMITA, Norio MARUYAMA and Kozo NAKAZAWA

Synopsis :

Fatigue crack growth property in air in three kinds of Ti-6Al-4V was analyzed at stress intensity range

less than 30 kgf/mm>"2.

pends on the shape of a precipitated in 8 phase.

The following results were mainly obtained.
1) « phase shows cleavage-like fracture at low stress intensity range.
Fracture surface of 8 phase in which fine a particles pre-

The fracture mode of 8 phase de-

cipitated is flat and featureless, and that in which lath like a plate formed is cleavage like.
2) Microstructure influences fatigue crack growth rate, which depends on the volume of a phase, shape of

a particles in  / phase eic.

3) AK threshold decreases with increase of stress ratio until more than 0.9.
4) The effective AK threshold is about 7.5 kgf/mm>®2 without reference to microstructures, because the
mode of fracture is intergranular at AK close to the AK threshold and is same among the three kinds of

specimens.

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

microstructure.
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Table 1. Heat treatment and mechanical properties.

Heat treatment Direction of specimen op (Kegf/mm?) dy (Kgf/mm?) Elongation (%)
L-T (APL) 100 95 27
AP 720°C,2h A.C 45° (AP45) 100 9% 34
T-L (APT) 105 100 33
. ) L-T (SL) 124 117 7
S 223.Cr 0 min W-Q 45° ($45) 123 115 8
’ - T-L (ST) 125 118 7
A 950°C,1h A.C L-T (AL; 102 96 14
720°C.2h A.C T-L (AT 104 99 11

Photo. 1. Microstructure of a) Specimen AP, b)
Specimen S and ¢) Specimen A.

5IRAEREE B % Table 1 ICffiE T 5.
2-2 EhEB

(1 YENRKEF IR : 40 mm 18, 5 mm E o B @E1/%
i & BGRER T % L 72,

(2 )akBRfE . £10 ¢ BRMERE N BRI 2 F v 70,
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Fig. 1. da/dN-AK curves.
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a) Specimen APT and b) Specimen ST
Fig. 3. da/dN-AK curves.
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a) Specimen AP45 and b) Specimen S45
Fig. 4. da/dN-AK curves.
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Fig. 5. AK,, as a function of R.
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(a) AK=9 kgf/mm*? (R=0.95)

(b) AK=16 kgf/mm®? (R=0.7)

(e) AK=36 kgf/mm>2 (R=0.7)

Photo. 2. Fractographs of specimen APL. Arrows show the direction of crack grows.

(a) AK=9 kgf/mm®? (R=0.77)

EAERIRBE E 25, L2L, 602 AKH&E < %
% & BRI AR I BUR T2 < 2 D, Photo. 2 (c) IZ
RL72EI %79 P—ROBEIC LS. ~SRRKEA
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¥ SL B LU AL OBKE b 3B APL OfH &
BLL - 2R, KB SL OfFl% Photo. 3 (a) B&X
O (b) 2R F. ##E APL (23 W Tid, Photo. 2 (b) i
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PR TH o720 LT, 3B SL 2B Tid 3 (b) i
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Photo. 3. Fractograph of specimen SL. The arrow shows the direction of crack growth.
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DEIBRANIALZ—L s VIRBT 1+ VTV THB. L
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YIWIZHR R, T2, b L AHOBIEIEH A E <
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do/dN LV #E 362w EBbh s, EBEMIC
ZOoTwAh, 2O RHOBEFNEIAHTH 5.
WEOKEMTE S5 E % Photo. 4a), b) B&LUe) IR
T. WEHOMMOES ZHE APL "R DBHEETH D,
B SL B FEIBTH A, Photo. 2~4 BL UL
¥ 72 AGHRERLVIE AK O & 8RBT RN L)
WKEZOLND.

(a)3h¥ APL: %203 F & LCa N (NEBIR) 2
LT a AR ZEETH. ZEN cRANDBEENH
(Photo. 4a) H&E]) A Wik aiFIETHE, &
HiIZDRFEMD A\ a RIFOH I S BTIEH %
B2h, SEIWMENEBEAIMEEZ 2O EET 5
R, BERBOXBCHENTE D EELMN YR,
COFBIBBEAEZEL TE2V0T, FEMAGKITE
BL, Zhriin & REEHANCEEL Tw DRkl
A AH. 728, Photo. 4a) ICHMZE 2 REEBRON

a) Specimen APL AK=14 kgf/mm®2
b) Specimen SL AK=18 kgf/mm®2
¢) Specimen AL AK=15 kgf/mm%2

Photo. 4. Metallographic  crack-path  section.

Arrows show the direction of crack growth.
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% Fig. 6 {27, HFOfFBHEER®IFAOL T3
HWoachh, b, MEFE APL 53 AL L L
MEEKEN Z LTHURBRAET AKs 2RO HT
100 BT A D THN, Fig. 6 i3 HT 100 » R=0.95
® CTODC % #i# 2 L THx{b L Twh. CTODC i3k
REDRDS.

CTOD®=0.25AK,%/2E5,
CCT E RHBEERETHE. FH¥ D EX 11X

R=0.10 R=0.70 R=095
N
Ti APL ‘ \
76 31 16
jng—" r—
31 15 14 *
m p—— preasmme—
Fe HT100
56 1 # 1 %
% Effective

Fig. 6. Relative crack tip opening displacement.
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10* kgf/mm?, HT 100 ® E & 2 X10* kgf/mm? & ¥ 5.
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