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Low-cycle Fatigue Properties of TiAl Intermetallic Compounds
Koji YAMAGUCHI, Masuo SHIMODAIRA and Satoshi NISHIJIMA

Synopsis :

Axial strain-controlled fatigue tests were carried out for an annealled Ti-34.7A1-1.74V (wt% ) inter-
metallic compound at RT and 800°C. It showed cyclic strain hardening behaviors at both temperatures.
The fatigue strength at 800°C was higher than that at RT.

The fracture surface tested at RT was a mixture of three modes: (1) crystallographic fracture with
linear steps, (2) intergranular fracture with smooth facets of grain boundaries and (3) transgranular cleav-
age fracture with river patterns. The fatigue cracks were found to be initiated by several mechanisms in-
cluding slip-off steps or cracking under stress concentrations due to coarse slip or double slip lines.

The fracture mode at 800°C also consisted of the same three types, but the initiation was found to be
controlled by grain boundary cracking, with striped patterns on the facets, under stress concentrations due
to large twin-deformations across a grain.
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Table 1. Chemical composition of TiAl compound
used in this study.
Al A 0] N C Fe
S |
34.7 1.74 300 40 150 750
wt% wt% ppm ppm ppm ppm

“ERE 3 4E 3 A 11 H%Zf+ (Received Mar. 11, 1991)

*  FBEMEHEWIZET 11 (National Research Institute for Metals, 2-3-12 Nakameguro Meguro-ku, Tokyo 153)
*2  SEATEHHTFZERT (National Research Institute for Metals)
*3 EBAEHEMOFSEAT  #4% (National Research Institute for Metals)

—134—



TiAl £EEULEW DA A &7 VIET7 BT 135

f&
0%
[ 8 4 .
k 52

Fig. 1. Profile of fatigue specimen (mm).

Microstructure of TiAl-V after heat
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Fig. 2. Change
strain-controlled fatigue tests.
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Fig. 3. Relationship between total strain range
and cycles to failure.
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(a) Crystallographic fracture with linear steps
(b) Intergranular fracture with smooth facets of grain boundaries
(c¢) Transgranular cleavage fracture with river patterns
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Fig. 4. Relationship between saturated stress

range and cycles to failure.
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Fracture surface of TiAl-V fatigued at room temperature and Ae, = 0.36%.

Photo. 3. Intergranular fracture with striped pat-
terns on the facets for TiAl-V fatigued at 800°C
and Ae, = 0.64%.
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(a) Coarse slip lines

Photo. 4.

i

(b) Double slip lines

Slip modes fatigued at room temperature and Ae, = 0.36%.

(a) Microcracks along grain boundary
(b) Slip-off cracks (upper side is fracture surface)
(¢) Microcracks near the intersections of double slip lines

Photo. 5.

Surface cracks fatigued at room temperature and Ae, = 0.36%.
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(a) Twin deformations
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(b) Microcracks along grain boundary

Photo. 6. Specimen surface fatigued at 800°C and Ae, = 0.64%.
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Fig. 5. Relationships between plastic strain range
and number of cycles to failure.
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Fig. 6. Specimen surface observed by STM,
fatigued at room temperature and A¢, = 0.71%.
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