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Mechanical Properties of Beta Solution Treated and Aged Ti—10V-2Fe-3Al Alloy
Yukihiko SUGIURA, Kouichi NAKAMURA and Shohei HAMAI

Synopsis : Generally Ti—10V-2Fe-3Al and Ti—-6A1-4V alloys are solution heat treated below beta transus for use in order to avoid beta grain growth.
But recently it was found that beta solution treated and over aged Ti—6Al1-4V alloy has martensitic microstructures and good mechanical
properties such as high fracture toughness and large crack propagation resistance. The effect of beta solution treatment on the mechanical
properties of Ti—-10V-2Fe-3Al have been hardly reported. In this study, the mechanical properties of beta solution treated and aged
Ti—10V-2Fe-3Al was investigated and compared to conventional solution treatment. Then it is revealed that beta solution treatment gives

better fracture toughness and crack propagation resistance comparing with alfa+beta solution treatment.
Key words : Ti-10V-2Fe-3Al; beta solution; near beta titanium alloy; mechanical properties; tensile properties; fracture toughness; high cycle fatigue;

crack propagation.
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B Wz, BERLAEEEBEIX3.6ksec & LT, BR{LE
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Table 1. Chemical composition of Ti-10-2-3 forging.
(mass%)

Al \% Fe C N H [e] Ti

317 100 195 0.01 0.006 0.001 0.07 Bal.
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Fig. 1. Configuration of specimens.

Specimen for fracture toughness tests.

Plain specimen (Kz=1) for high cycle fatigue tests.
Notch specimen (Kz=3) for high cycle fatigue tests.
Specimen for crack propagation tests.
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Fig. 2. Tensile properties of specimens conducted with so- Fig. 3. Fracture toughness value (K,c) of specimens con-
lution treatment at various temperatures followed ducted with solution treatment at various tempera-
by aging. tures followed by aging.
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Fig. 4. High cycle fatigue results of notched and unnotched specimens conducted with solution treatment at various temperatures

followed by aging.
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Fig. 5. Crack propagation properties of specimens con-
ducted with solution treatment at various tempera-

tures followed by aging.
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Fig. 6. Optical microstructures of specimens.

(a)

o+ B solution treated and aged. (1048K, 3.6 Ksec, water quenched + 788K, 28.8 Ksec, air cooled)

(b) B solution treated and aged. (1073K, 3.6 Ksec, water quenched + 788K, 28.8 Ksec, air cooled)
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Fig. 7. Fracture surfaces of tensile specimens.

(a), (b)

o+ B3 solution treated and aged. (1048K, 3.6 Ksec, water quenched +788K, 28.8 Ksec, air cooled)

Photo. (b) shows the enlargement of circle area in photo.(a).

(c), (d)

B solution treated and aged. (1073K, 3.6 Ksec, water quenched + 788K, 28.8 Ksec, air cooled)

Photo. (d) shows the enlargement of circle area in photo.(c).

Fig. 8. Micrographic cross section of fracture surface on 3
solution treated and aged tensile specimen.
(1073K, 3.6Ksec, water quenched +788K,
28.8 Ksec, air cooled)
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Fig. 9. Fracture surfaces of fracture toughness specimens.
(a) Crack initiation area, (b) Crack propagation
area. a+f solution treated and aged. (1048K,
3.6 Ksec, water quenched +788K, 28.8 Ksec, air
cooled)
(¢) Crack initiation area, (d) Crack propagation
area. 8 solution treated and aged. (1073K,
3.6 Ksec, water quenched +788K, 28.8 Ksec, air
cooled)

DR, EKNAMMIZ LB EEFRIZE LS, LaLl,
ERMTIIEFIRICHY 3 5 TIRAIC DL ARE AK, 1T

AK,=AK +id

TERbEh, BENEOHKAIZX > TAK, 2 E$ 520,
BV AL AUER R I3RS SR O MR IZ & B IEHBROIK T A3
b5, R, HAIZX 2 2HORENIC X 5 EHRA L
NhdLELIOND, ZO2O00KRTAEHRICLDER
B YR M DR FT IR o+ BIVA IR AL FRM L IZIXFE U
Bol-tHftEEn s,

7=, BEBEHRICABIBRE 2 E AL M, &
P A ONIEHREDENIED LN 72, KEZ, B
OEFRCLEIZ X DRSS EKRE 2D, EHRAMET
TH5LEZLNSED, ZROFEEIZLD XZYZEHIEL &
DENRAENEL S EEZSN, ThoDHKT 5E
IZEDIIFRICMEBNZ R > - L HEE XN D,
4-2 Ti6 462 LEDOHE

HEME L TELLHEHIA TS Ti648EDH%E
R L SHOBRE KT S,

Fig. 1112 Ti-6-4 A& DHEFTHIE & SR RERT, L

Crack propagation

Crack p?opagafion

Fig. 10. Micrographic cross section of fracture surface on
fracture toughness specimens.
(a) o+ solution treated and aged. (1048K,
3.6 Ksec, water quenched +788K, 28.8 Ksec, air
cooled)
(b) B solution treated and aged. (1073K,
3.6 Ksec, water quenched +788K, 28.8 Ksec, air
cooled)
An arrow mark in microstructures shows the
branch of crack at beta grain boundary.
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Fig. 11. Comparison of high cycle fatigue properties on Ti-10-2-3 and Ti—6—4.
o+ 3 STA (o+ B solution treated and aged)
B STOA (3 solution treated and over aged)
B STA (3 solution treated and aged)
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Table 2. Fatigue limit ratio of Ti-10-2-3 and Ti—6—4
under various heat treated conditions.

Ti-10-2-3 Ti-6-4
HEAT TREATMENT a+8 STA"] B STA” [ a+8 An"| B sTOA™
FATIGUE LIMIT RATIO 0.8 05 05 0.6

*3 a + B annealed
*4 B solution treated and overaged

*1 a + B solution treated and aged
*2 B solution treated and aged

1072
a+ B Anneal Ti-6-4229
®
©°
>
o
£
£
10° |-
BSTOA Ti-6-4"
104 -
5 BSTATi-10-2-3
3 \a+8STA Ti-10-2-3
:Ia +BSTATi-10-2-3%
1 0-5 i 1 1 1
10 20 50 100
AK /MPay m

Fig. 12. Comparison of fatigue crack propagation on
Ti-10-2-3 and Ti-6-4.
o+ B STA (a+ B solution treated and aged)
B STOA (3 solution treated and over aged)
B STA (f solution treated and aged)
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{LALER A DY) R FESE AMENMER T H - 7=,

(5) BBAHRIAEME o+ BEEHRILLEM O 2 RR
BEMIEAERICEWT, BB RILAEM O, ®
REVENIEAREE R L7,
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