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Topographic Analysis of Subsurface Crack Initiation Behavior of Beta-Type Titanium Alloy -
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The subsurface fatigue crack initiation and propagation behavior of beta-type titanium alloy was
investigated by the reconstruction of fracture surface and computer simulation. The FRASTA (fracture
surface topographic analysis) technique which reconstructs the fracture process form the three-dimensional
topographies of conjugate fracture surface was applied to the fatigue fracture of Ti-15V-3Cr-3Sn-3Al alloy.
From the result, it was found that the subsurface crack initiation and growth process could be reappeared

clearly by the FRASTA method.
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Table 1 Chemical compositions of tested material (wt.%).

Al | V Cr | Sn| Fe 0 C N H
35(148| 34 |30 015 | 0.12 [ 0.005 | 0.01| 0.001

Table 2 Mechanical properties of tested material.

BINEWEEZ HND R=0.5 OLG T CoEFHE (KF
$E) Loxt L CRRATEAT 7. |
2. 2 BEAE  CREBEMTIEIIIMRLOIC L5
THRE X TS FRASTA 5% iV /2. FRASTA #EiX—xtd
BEOZKTMMERE S Ea—FICRVAR, v
a— ¥ FCHEBEBOBBNEL 25 ETCERESDER
%, BellFBLTW RNV REOERBRELYE
BT BHENIFETHD. FRASTA ETIRERZ IS
D> & R7- M EZERK (FAPP:Fracture area projection plot)
L, EHOMEREZHlE TR 2 B R KI(XSP:Cross
sectional plot)x 1G5 Z L A3 T&E 5. AR T, BEO=K
TR OFHANCEERNETEMBEIATB Uiz Z kT
AT ARD-500)% FV iz,

Ti-15V-3Cr-3Sn-3Al
T T T

800 T T
©
a L
=
6—, 600
[
s
£ 400
[
e L
©
] L
2 200 —+ : Subsurface crack initiation |
= —: Not broken
» » . Analysed specimen

1 1] 1 1

0

10* 10* 10° 10° 107 10®

. Number of cycles to failure N¢

Fig.1 S-N curves obtained under the testing condition of
various stress ratios in air at room temperature" .

0.2% proof Tensile . Reduction | Vickers
Elongation .
stress strength 8(%) in area hardness
co2 (MPa) | og(MPa) ? w(%) HV
1156 1261 12.0 23.1 383

(b) Microscopic observation

* (a) Macroscopic observation

Fig.2 SEM observation of fracture surface
(R=0.5, 6,=225MPa , N=1.26 X 107cycles).
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Fig.3 Bird's eye view of the fracture surface
(R=0.5, 5;=225MPa , N&=1.26 X 10 cycles).
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Fig.4 Fracture area projection plots.

atpBIF Z U AEEONEEWBAEBICEL T, off &pHE
DORBEET VI L > TRHD {100}~ B2 4 U THE
ERNRRETIETHHEBERRBLTEY, NSRBI
BOALNEBERETICZ 72y MERLALNTEZ L2 b
b, 77y MESAMERBACHBEFZEL WD LD
LEZBNS.

T7Ey MM LDERBEII OV TCHEMICKRETTT 57
¥, FEHEE & REE OUMOXNEBEFRERN LFEREYH
6 oY, RERNCRT 7 7y MEROAR TiLshisBEER
TIFIERE THHOIZR LT, EMTIIEEEALDN, £
DEZRT7 7Y FROZTREIZFRE LTS, - T,
BRIF Z L AEDONBEHOFELEITT7 7y METORFR
BT R ZRAIZRELTWAELDEEZI LS.

4. BE

BEF & A& DNHEREINE# A U I HE L
FRASTA T 22 &i2d v, MEREOo7 7y b
RO BFRIZ TR BERL RV IRIBELERTD

T EBTRENT.

X ®
(1) BEEfE- - AR - BEE—, R, 64-626, A (1998),
2528-2535.
(2) Kobayashi, T. and D.A.Shokey, Advanced Mater/ and
Process, 148-5 (1991), 28.
(3) Ruppen, J., Bhowal, P., Eylon, D. and McEvily, A.J,
ASTM STP, 675 (1979), 47-68.

@ Opm (b) 11.79um

(c) 23.58um (d) 31.44um

Fig.5 Cross sectional plots.

Fig.6 Mismatch of the cross sectional plot.
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