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Effects of Strain-induced Transformation and Temperature on

Fracture Toughness of Titanium Alloys

Toshiro KoBAYASHI, Mitsuo NIINOMI and ITkuhiro INAGAKI

Synopsis :

It is highly expected that the ductility and toughness of titanium alloys bearing unstable 8 phase may be
developed by the stress relaxation caused by strain-induced transformation. In this study, tensile test,
Charpy impact test, static and dynamic fracture toughness tests were carried out at various temperatures
on typical titanium alloys bearing unstable B phase. The strain-induced o” martensitic transformation
occurred in the (e+ B) type Ti-6Al-2Sn-4Zr-6Mo alloy and the dynamic fracture toughness of this alloy
increased considerably at 223K. The strain-induced o martensitic transformation occurred in the (a+58)
type Ti-6A1-4V alloy, and the static and dynamic fracture toughness increased considerably at 123 and 223
K respectively and strength increased at low test temperatures in this alloy. The mechanical twin occurred
in the B type Ti-15V-3Al1-3Sn-3Cr alloy and the elongation of this alloy increased considerably at 123 K.
Key words : fracture ; (a+8) type titanium alloys ; 8 type titanium alloys ; unstable 8 phase ; strain-induced
transformation ; martensite ; twin ; fracture toughness ; tearing modulus ; mechanical properties.
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Fig. 1. Relationship between test temperature and
o,, o, El or RA of as-quenched Ti-6:2:4+6 alloy.
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Photo. 1. TEM micrographs indicate strain-induced orthorhombic o” phase of as-quen-

ched Ti-6-2-4-6 alloy.
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Fig. 2. Relationship between test temperature and
Ji. or J; of as-quenched Ti-6-2-4-6 alloy.
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Fig. 3. Relationship between test temperature and
Toai® or Tpot® of as-quenched Ti-6+2-4+6 alloy.
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Photo. 2. TEM micrographs indicate strain-induced hexagonal ¢ phase of as-quenched

Ti-6-4 alloy.
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Fig. 4. Relationship between test temperature and
o,, dg, El or RA of as-quenched Ti-6-4 alloy.

[+2]
O

T
O~
S
[}
)

’ ' . 4
I 'w /

7 .v. T

4
7/
/ <
/ ~
d S0,

40F ~C Jie 1
NNO
20} / ]

Ti-64

Fracture toughness ; Jc Ty , kiim2

1 1 1

73 73 F7R] w3 3
Temperature , K

Fig. 5. Relationship between test temperature and
Ji. or J; of as-quenched Ti-6-4 alloy.
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Fig. 6. Relationship between test temperature and
Tonat” OF Tpot® of as-quenched Ti-6-4 alloy.
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Photo. 3. Optical micrographs of cross sections of as-quenched Ti-15-3 alloy
tested at (a) Room Temperature, (b) 173K, (¢) 123K and (d) 77 K.

— 163 —



542 &% & @

% 75 4 (1989) % 3 5

3

Ti-15-3

—
o/o/ o
v

73 173 273
Temperature , K

Fracture toughness ; Jc Ty , kiim2
(3.
o

(=]

Fig. 9. Relationship between test temperature and
Ji. or J; of as-quenched Ti-15-3 alloy.
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Fig. 11. Relationship between test temperature
and E;, E, E,, P, or P, obtained from V notch
Charpy impact test on as-quenched Ti-15-3 alloy.
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Photo. 4. Optical micrographs illustrating cross section of fractured surfaces of (a)
unnotch Charpy, (b) V notch Charpy and (c) pre-cracked specimens of as-quenched

Ti-15-3 alloy tested at 123 K.
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Fig. 12. Relationship between test temperature
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alloy.
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