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Effects of Grain Size and Aging Conditions on Fatigue Crack Propagation
Behavior in Beta Ti-22V—4Al Alloy

Keiro TokAIl, Kohji OHYA and Hiroyasu KARIYA

Synopsis

: This paper presents the effect of microstructural modification on fatigue crack propagation (FCP) in a beta Ti-22V—4Al alloy. FCP experi-

ments have been conducted using eight materials with different microstructures: two as solution treated materials (ST), three single aged ma-
terials (STA), and three two-step aged materials (STDA). Particular attention has been paid to the effect of grain size and aging condition.
The results showed that in ST materials the coarse grained material exhibited higher FCP resistance than the fine grained material, but this

grain size dependence was eliminated by aging, and two-step aging condition had very little influence on FCP behaviour. After allowing for

crack closure, the effect of grain size was largely diminished and FCP behaviour was not affected by solution treatment temperature and

aging condition. ST materials indicated the highest apparent and intrinsic FCP resistance and then STDA materials, STA materials in the de-

creasing order. Taking into account the difference in the modulus of elasticity in addition to crack closure, the difference in FCP resistance
between STDA and STA materials was eliminated, but ST materials still showed higher FCP resistance.
Key words: fatigue; beta titanium alloy; crack propagation; microstructure; grain size; aging condition.
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2.1 ¥

MO 7= MBHIE R 75 mm O BAY Ti-22V-4AL A & St 4
T, ZOL AR (wit%)id, V 21.9, Al 3.9, Fe 0.13, O 0.13,
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(2) 750°C, 800°C ¥ & U 850°C CTAKILALE %, 450°C

Table 1. Heat treatment conditions of the materials.

Grain

Solution Aging size
treatment® treatment® d

Designation  (°C/min) (°C/min) (pm)
ST750 750/60 - 71
ST850 850/60 - 80
STA750 750/60 450/480 71
STA800 800/60 450/480 71
STA850 850/60 450/480 80
STDAS500 750/60 500/240+450/480 71
STDAS50 750/60 550/240+450/480 71
STDA600 750/60 600/240+450/480 71

@ Followed by water quenching (WQ)
® Followed by air cooling (AC)

THERD & KE L 724K (B — B %8 © STA750, STAS00,
STA850) .

(3) 750°C THMAKRILLFET , 500°C, 550°C ¥ & UF600°C
T—EHORRIEITV, )T 450°C TEYH OBRSh % e
U7=prH (ZERB¥%hEf © STDAS00, STDAS50, STDAGOO) o
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ERROEN D WAKRNIBED FRIZE - TRRIZEmML ,
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EHEZR O LWL D ThH B, STDAM Tl (Fig. 1(D,
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WFRNERE 2N E T E M eI 5 BlEE L B B,
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DT, ¥ h—2AWX AV EBEHRILIBEE S XU HY & —B
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2 (STAM) , ZOBKLBERGEHIZR Sk, Th
FHNE U722 & 5102, aHON HIREASERILIRE I » 2 b
STIRITFAMTH -7 Z L ANML TWBEELILRS,

ZO;Lm’ .

(e) STA850 (f) STDA500

Fig. 1. Microstructures of the materials.
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Fig. 3. Relationships between crack propagation rate and stress intensity factor range: (a) as solution treated materials (ST), (b)
single aged materials (STA), (c) two-step aged materials (STDA).
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Fig. 4. Crack closure behaviour: (a) as solution treated materials (ST), (b) single aged materials (STA), (c) two-step aged materials

(STDA).
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Fig. 5. Optical micrographs showing crack path
profiles in as solution treated materials
(ST).
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Fig. 8. SEM micrographs of fracture sur-
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Fig. 10. SEM micrographs of fracture
surfaces in two-step aged
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Fig. 12. Comparison of crack propagation behaviour char-
acterized in terms of effective stress intensity fac-
tor range normalized with respect to elastic modu-
lus.
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