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Effect of Microstructure on Fracture Toughness of
Ti-15V-3Cr-3Sn-3Al Alloy

Takao HoRriYA, Hirowoe G. SUZUKI and Teruo KISHI

Synopsis :

Effect of microstructure on fracture toughness of 8 type Ti-15V-3Cr-3Sn-3Al alloy (Ti-15-3) was
systematically examined.

At 0°C, fracture toughness (4,) is gradually decreased as strength (0.2%PS) increased. A linear
relationship is obtained between fracture toughness and strength, regardless of microstructure : morphology
of precipitated a phase or 8 grain size. Compared with (e + 8) type Ti-6Al-4V alloy (Ti-6-4), Ti-15-3
has almost the same 0, in the strength range of 80 to 90 kgf/mm? and has a higher fracture toughness above
the strength of 100 kgf/mm®. The difference in fracture toughness between Ti-15-3 alloy and Ti-6-4 alloy
is attributed to the difference in crack extension resistance of microcracks developed at the notch tip
before unstable fracture.

At —196°C, fracture toughness is linearly decreased with increasing strength, independent of
microstructure. However, the decrease in fracture toughness is rather small. Contrary to the case at
0°C, Ti-15-3 had a lower fracture toughness near the strength of 150 kgf/mm? than that of Ti-6-4. This
is because Ti-15-3 had a lower crack initiation toughness (&;) than Ti-6-4 at —196°C.

It was found that crack initiation toughness (J;) of Ti-15-3 has a close relationship with reduction of
area in the round bar tensile test. And crack resistance property was greatly influenced by both strength
and the size of @ phase precipitated during aging.

Key words : Ti alloy; fracture toughness; microstructure; strength; heat treatment; test temperature;
fracture mechanism ; microcrack ; crack initiation ; crack extension.
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Table 1. Chemical composition of Ti-15V-3Cr-3Sn-3Al alloy used (mass%).

v Cr Sn Al (0] N » C Fe H Ti
14.9 3.26 3.38 3.28 0.082 0.011 0.006 0.04 0.008 Bal.
Table 2. Processing and heat treatment conditions.

. Aging
Rolling tSol:;mont Cooling Variable
reatmen Temperature Time

wQ* 400~600°C 3~100h Aging condition
950°C 800°C, 15 min

Fc*? 500°C 20 h Cooling rate
850°C 950°C, 15 min wQ 500°C 100 b So];)tion treatment

780°C, 15 min emperature

*  WQ : Water Quenched *#2 FC : Furnace Cooled
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A, D: Aged at 400°C B, E : Aged at 500°C C, F : Aged at 600°C

Photo. 1.

Microstructures of specimens aged for 3h (above) and 100 h (below) after

solution-treated at 800°C for 15 min and water quenched.

Photo. 2.
(A, B) aged 500°C for 100 h after solution-treated at 780°C(A) and 950°C(B) for 15 min and
water quenched.
(C) aged 500°C for 20 h after solution-treated at 800°C for 15 min and furnace cooled.

Microstructures of specimens :
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Fig. 1. Relationship between critical CTOD value

and 0.2%PS at 0°C for aged specimens solution-
treated at 800°C for 15 min and water quenched.
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Fig. 2. Relationship between critical CTOD value

and 0.2%PS at 0°C for specimens solution-treated
at different temperatures and aged 500°C for 100 h,
and specimens cooled at different rates from the
solution-treated temperatrure (800°C) and aged
500°C for 20 h.
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Fig. 3. Relationship between K;c and 0,2%PS at
— 196°C for specimens solution-treated at 800°C
for 15 min and water quenched.
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Fig. 4. Comparison of fracture toughness-strength

trend curves at 0°C for Ti-15V-3Cr-3Sn-3Al,
Ti-6Al1-4V and Ti-8Al-1Mo-1V alloys.
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Fig. 5. Comparison of fracture toughness-strength
trend curves at — 196°C for Ti-15V-3Cr-3Sn-3Al
and Ti-6A1-4V alloys.

C: Aged at 500°C for 3h
B : Aged at 400°C for 100h D : Aged at 500°C for 100h E : Aged at 600°C for 100 h

Photo. 3. SEM fractograghs of COD specimens tested at 0°C. Specimens were aged after

solution-treated at 800°C for 15min and water quenched. Figures in photo. indicate
critical CTOD values.
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Fig. 6. R curves (CTOD wvs. crack extention) at
0°C for Ti-15V-3Cr-3Sn-3Al, aged after solution
treated at 800°C for 15 min and water quenched.
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Fig. 7. Comparison of R curves (CTOD wvs. crack
extention) at 0°C between Ti-15V-3Cr-3Sn-3Al
and Ti-6Al-4V alloys. They have almost the same
0.2% proof strength.

Table 3. Comparison of proof strength, reduction
of area and & at 0°C and — 196°C between
Ti-15V-3Cr-3Sn-3Al and Ti-6A1-4V alloys.

Alloy Test Temp. | 0.2%PS_ | RA* | 8,*2

{Heat treatment] (°c) (kgf*mm~2) | (%) | (mm)
Ti-15V-3Cr-3Sn-3Al 0 81 39 0.027
[Aged at 400°C for 3h] —196 151 6 0.010
Ti-6Al1-4V 0 91 40 0.028

[ Annealed at 850°C for 20& —196 151 48 | 0.030

*  RA=Reduction of Area
*2 5;=CTOD value at Aqa = 0 (a : Crack length)
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Fig. 8. Relationship between reduction of area in
tensile test and &; (CTOD value at Aa=0, a:
Crack length) for Ti-15V-3Cr-3Sn-3Al alloy.
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Fig. 9. Relationship between crack extention
resistance (dJ/da) and strength (0.2%PS) at 0°C
of Ti-15V-3Cr-3Sn-3Al and Ti-6Al-4V alloys.
The data indicated by arrows are of specimens aged
at 600°C.

Photo. 4. SEM microgragh showing a microcrack
preceding the unstable fracture of COD test
specimen aged at 600°C for 100h. An arrow
indicates the direction of crack extention.
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