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Effect of heat treatment temperature on high temperature fatigue
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Abstract: This paper investigates the high—temperature fatigue performance of TA15 titanium alloy laser—
deposited repairs under different stress levels at 500 °C after heat treatment at various temperatures,
analyzing the impact of microstructural evolution on fatigue life. The results show that when heat—treated at
900 ‘Cand 950 C, the content of the primary « phase in the base material decreases, the secondary a phase
coarsens, and the microstructure in the heat-affected zone transitions from a transitional structure to a

basket-weave structure. When the heat treatment temperature reaches 1 000 C, the a phase transforms
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into the high—temperature 8 phase, and recrystallization results in the formation of extremely fine § grains.
Among the three heat treatment temperatures, the specimen treated at 1 000 °C exhibited the longest high-
temperature fatigue life. Under high stress, the fatigue life of the specimens treated at 900 ‘C and 1 000 C
was comparable, while the specimen treated at 950 °C showed shorter high-temperature fatigue life under
both high and low stress conditions compared to the other two groups. Fractographic analysis indicated that
in the 1 000 °C specimen, fatigue cracks predominantly propagated through the « phase, consuming

significant energy, which contributed to its longer high—temperature fatigue life compared to the other two

heat treatment conditions.

Key words: TAI1S titanium alloy; laser deposition repair; heat treatment; microstructure; high

temperature fatigue property
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Table 1 Chemical composition of TA15

spherical powder

% bk % i
Al 6.62 Si 0.02
% 2.13 C 0.01
Zr 2.10 N 0.01
Mo 1.67 H 0.003
0 0.11 Ti Fi
Fe 0.04
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Fig. 1 Schematic diagram of deposition repair processing



% 34 MFE AR E ARG E TALS 5B E TR0 T - 673 -

20 pm

(2) 1000 "CIAREEHF X

(€)950 *CiRARE R M X

(h)1 000 "CiRBEREL M X

20 pm

20 um

(i)1 000 CIRAPEBER X

2 AREBERLERNEHEAR

Fig. 2 Metallographic structure after heat treatment at different temperatures
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Fig. 3 Metallographic transformation diagram

after heat treatment at different temperatures
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Fig. 4 Tensile properties at different heat

treatment temperatures
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high and low stress at high temperature
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Table 2 Statistical parameters of fatigue life at high temperature under 490 MPa stress
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Table 3 Statistical parameters of fatigue life at high temperature under 550MPa stress
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Fig. 6 High stress and high temperature fatigue fracture initiation zone
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Fig.7 Low stress high temperature fatigue fracture initiation zone
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Fig. 8 Extension zone of high stress and high temperature fatigue fracture
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Fig. 9 Extension zone of low stress and high temperature fatigue fracture

(9 Ce) () W A7 18 5 22 40 500 A0 "R, Bk
JEE DX SR P 6 AR A L Al R S BT, PRk, R
MO R RE T B ok . BT XA 77 7 e 1
il BRI X2 T 2 X RO 2 28 4 5 3K
o BEE RO ] TR HRBT R B R BE  2
W58, 8 S AR B ST R R AR 05 T
DX A W A AR R o bl T O 5 W S0 LG Al
Ak B A 8] /0N HG e il PR R SR ALY R
N, I HLIE 55 WE SUAFAE 22007 ) B A8, S B0
o I FR IR T I RECYT I FERE B 2, W Y
73 iy Eﬁ

(d)95 °Cﬁ&tﬂ;ﬁ"#

(e)lOOO c#n&l:ﬂm“#

FE% 97 24 80P R R ORI RVE 2
FETE A AL 5% A% T B A2 D IR A HE A 358 i o 1)
SN T LR 43 R AR Ik 1R T 24 IR T DX UG T
FLRE o 10 R & 11 2 8 789 7 9% 55 B UBir X W 11
MO IE AR, (b) (d) (1) 2 (a) (¢) Ce) 1 Jay 3 il K
Bl AETRLY X5 X W, BEE X
2L E 2SR LA R 0 B 1 B0 R B Y K
WM R . TR 10 Y 3 R R I T X R
Tk, HAMEEN .8 THmEkz, B 11d
900,950 °C#A 4b B A& & 4 =5 U5 9% 55 W 11 5% B IX.
W@Ekf@i%% 1mouwﬁzﬁfﬂ@

(H1000 °C§?&ﬂﬁ\“#

10 BN &IRES OB X

Fig. 10 High stress and high temperature fatigue fracture transient zone
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Fig. 11 Low stress high temperature fatigue fracture transient zone
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Fig. 12 Microstructure near fracture initiation
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