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Effect of Stress Ratio on Fatigue Properties for Ti-6A1-4V Alloy

Etsuo TAKEUCHI, Yoshiyuki FURUYA, Nobuo NAGASHIMA and Saburo MATSUOKA

Synopsis

: Effect of stress ratio on fatigue properties was investigated for 900 and 1100 MPa-class Ti—-6Al-4V alloys. Numbers of heats were 3 for each

tensile strength class. Fatigue tests were conducted under stress ratios of R=—1, 0 and 0.3, and under the condition fixing the maximum
stress at the yield stress (0,,,,=0, test). Although heat C for 900 MPa-class and heat F for 1100 MPa-class did not show internal fracture
under R=—1, the internal fracture occurred in all heats under stress ratios above R=0. The fracture sites of the internal fracture revealed no

inclusion but matrix including several facets under stress ratios above R=0. The size of a facet was almost equal to the & grain size and the

areas of the internal fracture origin containing the facets were 100-300 sim. The fatigue limits determined at 10® cycles were below a modi-

fied Goodman line under R=0 and 0.3, although they were above under around R=0.7. The drops of fatigue limits under around R=0 sug-

gested that the internal fracture properties were more sensitive to the stress ratios in case of the Ti—6Al-4V alloys. Moreover, in comparing

the fatigue limits with AK,,, the dependency of the fatigue limits on the stress ratios was similar to that of AK
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Table 1. Chemical compositions.

Element (mass%)

Al \' Fe C N H [¢]
6.27 4.31 0.21 0.016 0.0055 0.0048 0.18
6.39 4.31 0.18 0.012 0.0058 0.0121 0.17
6.11 4.39 0.17 0.004 0.0034 0.0074 0.17
6.31 4.18 0.27 0.018 0.0047 0.0111 0.20
6.24 424 022 0011 0.0044 0.0038 0.18
6.06 3.87 0.13 0.011 0.0086 0.0055 0.15

Heat

900MPa
class

1100MPa
class

mTmol0 W >

Table 2. Heat treatment conditions.

Solution Aging
930°C/60min, air cooled 705°C/120min, air cooled
955°C/60min, water quenched|550°C/240min, air cooled

900MPa class
1100MPa class

Table 3. Mechanical properties.

Tensile properties Vickers
0.20% | Tensile | Elon— | Reduc—
Heat| proof |strength| gation | tion of | hardness
stress area
(MPa) | (MPa) | (%) (%) | (HV/294N)
900MPa | A 916 960 21 45 326
class B 897 967 18 42 329
C 866 906 23 56 319
1100MPa| D 1094 1170 18 46 363
class E 1086 1170 17 43 356
F 1020 1090 19 48 347
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Fig. 1. Microstructures at longitudinal cross section.
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Fig. 2. Profiles of fatigue testing specimen.
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Fig. 3. Waveform of stress under condition
fixing the maximun stress at the yield
stress (0,,,,= O, test).

max

Ti-6Al-4V (900MPa class) O;R=.]
1000 |- Heat A O:R=0

AR=0. ]
Uniaxal load, 120Hz vﬁgzg.?wmﬂ O =0y ]

M‘b dyo ]
500 3 A
2

Stress amplitude, ¢ (MPa)
=
%

Dashed marks;Surface fracture 0.75
Non-dashep |narks;!nte|rna] fracture 0.7 Y—» 1

100 ]
10* 10° 10° 107 108 10°
Number of cycles to failure, Ny
(a) Heat A

T T T
Ti-6Al-4V(900MPa class) _ .,

O iR=-1
Heat B :R=0

o
1000 [ Uniaxal load, 120Hz A R=0.3
v

R=0. i
sR=0.1~0.75(0 max=0 y)

sool M‘@—@wi ]

Stress amplitude, o ,(MPa)

Dashed mark;Surface fracture 0.65

Non-dashed mark:internal fracture 07 075 |
100 bomcvd o Snl vl e L

10* 10° 10 107 108 10°
Number of cycles to failure, Ny

(b) Heat B

Ti-6Al-4V(900MPa class) o ;R
1000 Heat C
Uniaxal load, 120Hz

o

coo!

a
A
v

%%
— )

~0.7(0 =0 4) 1

T

C: JU.
!

500

T

Stress amplitude, o ,(MPa)

0.65

0.6 LV
Dashed mark;Surface fracture 0.65 G |
Non-dashed mark ;Internal fracture .7
100 MR TTY| B R AT 11! BN S WORTT SIS SR W RETT M S AR R TIT] 5
10 10° 10° 107 108 10

Number of cycles to failure, Ny

(c) Heat C

Fig. 4. S—-N diagrams for 900 MPa class under
R=-1,0and 0.3, and in 0,,,, =0, test.
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Fig. 5. S-N diagrams for 1100 MPa class under R=—1, 0
and 0.3, and in ©,,,,,= O, test.
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Ti-6AL-4V B EDFEFT R RIS IS ko

Low magnification lligh magnification

(a) Surface fracture(Heat C, o ,=600MPa, N=7.30x10")

Low magnification High magnification

(b) Internal fracture(Heat A, o =540MPa, N,=6.97x107).

Fig. 7. Typical fractograph showing crack initiation site under.

Low magnification High magnification

(a) R=0 (Hecat A, o ,=280MPa, N=4. 30x107).

Low magnification High magnificatlion

(b) R=0 (Heal B, o ,=280MPa, N,=6.54x107).

(]

! ]
LRI |

Low magnification High magnification

(c) R=0.3 (Heat C, o ,=240MPa, N,=8.95x107).

Fig. 8. Typical fractograph showing crack initiation site under stress ratios above R=0 for 900 MPa class.
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Loading direction

Fig. 10. Cross-sectional view of an internal-fractured
specimen beneath the facet. The observed speci-
men was cut along a cross-section across the facet
on the fracture surface as indicated with a broken
line in the upper photo (900 MPa class, Heat A,
R=0, 0,=340MPa, N=1.68X10).
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