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Effects of Heat Treatment on Microstructure and
Mechanical Properties for TC4 Fan Disk

WEI Xin , ZHAO Xingdong , LI Changyong , WANG Jianyan
(AECC Shen Yang Li Ming Aero-engine CO. , LTO. , Shenyang 110043, China)

Abstract; With the independent development of China-made large aircrafts and engines, TC4 titanium alloy is adopted
to manufacture engine fan disks, which have high requirements on comprehensive mechanical properties of TC4 fan disk
owing to the large forging size, complex structure, and rotating under high load during work. In order to improve the
microstructure and mechanical properties of fan disk forgings, it is necessary to conduct systematical study on heat treatment
processes. The effects of different heat treatment processes on microstructure and mechanical properties of TC4 titanium alloy
fan disk forging were studied. Microstructures of the fan disk forging were observed using optical microscopy. The mechanical
properties of the fan disk forging were evaluated. The results show that compared with annealing, solution + aging treatment
makes better microstructure uniformity and comprehensive mechanical performances. The tensile strengths at room temperature
and 400°C are improved, however, facture toughness and strain controlled low cycle fatigue life at room temperature are
decreased with increasing solution temperature and cooling rate after solution treating. The optimum heat treatment process
T,—(40 ~60) C/2 h, WQ +700 C/2 h, AC.
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Fig. 1 TC4 titanium alloy fan disk forging
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Table 1 Heat treatment processes for TC4 titanium alloy fan disk
No. Heat treatment process
1 T;—40 C/2 h, WQ+700 C/2 h, AC
2 700 C/2 h, AC
3 Tp=60 C/2 h, WQ +700 C/2 h, AC
4 T;-40 C/2 h, AC+700 C/2 h, AC

Note: WQ: water cooling; AC: air cooling.
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Fig. 2 Microstructures of the forging after solution + aging treatment
with No. 1 process (a) and annealing treatment with No. 2

process (b)
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Table 2  Tensile properties and fracture toughness at room
temperature of the forging after solution + aging and

annealing heat treatments

Heat Ko/
treatment R,/MPa R ,/MPa  A/%  Z/% “
MPa - m'”?
process
1029 965 16.6  48.2  71.07
No. 1
1031 966 17.0 48.2 77.28
980 934 18.6  47.6  82.91
No. 2
978 928 16.0 459  72.68
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Table 3 Strain controlled fatigue properties at room temperature of

forging after solution +aging and annealing heat treatments

Heat Alternating Tatal

strain strain Frequency, Cycle life,
treatment Kt amplitude, range, N/min N
process mean strain ~ mm/mm
30815
No. 1 1.0 1.00+0.02 0.0086 30
18778
22957
No. 2 1.0 1.00+0.02 0.0086 30
24361
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Table 4 Tensile properties at 400 C of forging after solution +
aging and annealing heat treatments

Heat treatment

R,/MPa  Ry,,/MPa  A/% Z/%
prOCeSS
o1 698 562 15.5 58.6
* 708 579 15.9 59.6
624 511 19.0 56.5
No. 2
633 519 18.8 56.8
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Fig. 3 Effect of solution temperature on the forging microstructure after

solution + aging heat treatment: (a) Ty—40 C; (b) Ty—60 <
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Table 5 Effects of solution temperature on the forging tensile
property and fracture toughness at room temperature

Heat

K./
treatment  R,,/MPa R ,/MPa A/ % 7/ % lc i

MPa * m

process
No. 1 1001 943 16. 4 41.2 72. 69
o 1009 951 15.6 38.7 77.40
No. 3 970 910 16.5 43.8 77.11
o 973 911 15.6 42.6 79.02
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Table 6  Effect of solution temperature on the forging strain

controlled fatigue property at room temperature

Alternating Tatal

. Hteat LKt strain strain Frequency, Cycle life,
reatmen amplitude, range, N/min N
process .
mean strain  mm/mm
20029
No. 1 1.0 1.00+0.02 0.0086 30
16228
26171
No. 3 1.0 1.00+0.02 0.0086 30
25257
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Table 7  Effect of solution temperature on the forging tensile

property at 400 C

Heat treatment

R,/MPa  Ry,,/MPa  A/% 7/%
process

o1 634 511 16.0 53. 1
- 625 505 17. 4 53.9
o3 615 492 19.2 57.5
0.

593 478 19. 4 57.0
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Fig. 4  Effect of cooling methods after solution on the forging
microstructure heat treated by solution + aging :
(a) water cooling; (b) air cooling
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Table 8 Effect of cooling methods after solution on the forging
tensile property and fracture toughness at room
temperature heat treated by solution + aging

Heat

K./
treatment R,,/MPa R, ,/MPa A/ % 7/ % b
MPa - m'?
process

1001 943 16. 4 41.2 72. 69

No. 1
1009 951 15.6 38.7 717.40
964 902 16.3 42.6 73.70

No. 4
960 896 15.8 39.3 81. 68
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Effect of cooling methods after solution on the forging
strain controlled fatigue property at room temperature

heat treated by solution + aging

Alternating Tatal
Heat . . .
strain strain Frequency, Cycle life,
treatment Kt A .
amplitude, range, N/min N
process .
mean strain  mm/mm
20029
No. 1 1.0 1.00+0.02 0.0086 30
16228
21877
No. 4 1.0 1.00+0.02 0.0086 30
25747
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Table 10 Effect of cooling methods after solution on the forging

tensile property at 400 C heat treated by solution + aging

Heat treatment

R,/MPa R, »/MPa A/ % 7/ %
process

634 511 16.0 53.1

No. 1
625 505 17.4 53.9
606 476 17.5 50.8

No. 4
614 477 17.9 52.4
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