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Fig.1 Two types of TA33 alloy specimens with distinct macroscopic

EBSD orientation characteristics: (a) no-MTR alloy; (b) MTR alloy
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Table 1 Room-temperature tensile properties of alloys with different

microtextures

Material Tensile strength Yield strength ~ Elongation
No-MTR TA33 900 MPa 770 MPa 18.5%
MTR TA33 890 MPa 777 MPa 9.5%
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Fig.2 Fatigue loading waveform and specimen dimensions: (a)
fatigue testing with triangular waveform; (b) Dwell fatigue test with
trapezoidal waveform; (c) Fatigue specimen dimensions
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Table 2 Low cycle fatigue and dwell fatigue properties of different

microtextured alloys

Material No-MTR MTR
LCF/Cycles 14394 2723
DF/Cycles 5016 183
Dwell-fatigue sensitivity
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Fig. 3 SEM image of no-MTR alloy dwell fatigue fracture: (a) Macroscopic morphology; (b) and (c) Local magnification; (d) and (¢) Morphology

of crack initiation region
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Fig. 4 SEM image of MTR alloy DF fracture: (a) Macroscopic morphology; (b) and (c) Morphology of crack initiation region; (d) and (e) Local

magnification
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Fig. 5 Fracture morphology in the source region of no-MTR and MTR alloys for dwell fatigue cracks, fracture morphology after QTF tilting,
EBSD orientation map of crack initiation facets, and corresponding pole figure: (a) no-MTR alloy; (b-c) MTR alloy
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Table 3 Spatial normal vectors of crack planes relative to loading axis

Grain ID

Spatial normal vector of crack plane

A

T Q m m g 0O w

—

F=-i+0.05j-1.86k
F=i+0.35j-1.41k
F=-i+0.508j+2.23k
F=-i-0.0049j-1.413k
F=i-0.166-1.53k
F=i+0.85j-1.921k
F=i+1.279j-5.9k
F=i+0.83j-1.6k
F=i-0.2j-1.42k
F=i+0.0048j-1.41k
F=i-0.031j-1.5k
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Table 4 Relationship between crack initiation facets and their corresponding grain base surfaces and tensile axes

TA33 alloy A B C D

E F G H 1 J K

Normal relative to LD/° 27.6 36.8 26.6 34.9

32 339 14 34.9 36 339 34

c-axis relative to LD / ° 6.49 7.98 21.53 26.1 16.1 16.5 20.3 25.2 29.3 20.4 35.7
Angular difference
between normal and 21.11 28.82 5.07 8.8 15.9 17.4 6.3 9.7 6.7 13.5 1.7
c-axis / °
Basal SF-max 0.08 0.09 0.35 0.38 0.25 0.38 0.3 0.35 0.42 0.47 0.32
— IR BAEE TR AT R B, HAA IR
RKETTIAY g=[0002])7 MTEE, FFEA0ETHGHRA 5
0001 3.

> B EH e o

2110

B 6 95 55 ZL IR X /N1 1 TR PR R 1 s
Fig. 6 Orientation dependence of facet fracture in the source region of
fatigue cracks
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Fig. 7 Dislocation slip characteristics within no-MTR and MTR:
(a) Characteristics of dislocation in no-MTR; (b) B=[2110]#ll
g=[0002] two-beam condition; (c) B=[2110] and g=[0112]
two-beam condition; (d) B=[0111]#1 g=[1101] two-beam

condition
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Orientation Dependence and Microtexture Effects on dwell Fatigue Crack Initiation in

Abstract:

TA33 Alloy

Wang Boning!, Huang Longchao!, Zhao Min®, Lei Fan!, Zeng Weidong*, Wang Kaixuan!, Liu Xianghong! 2
(1.Western Superconducting Technologies Co., Ltd., Xi'an 710018, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi'an 710016, China )

(3.School of Materials Engineering, Shaanxi Polytechnic University, Xianyang 712000, China)

(4.School of Materials Science and Engineering, Northwestern Polytechnical University, Xi'an 710072, China)

Near-a. TA33 alloy has been successfully employed in integrally bladed disks of advanced aeroengines due to its outstanding

high-temperature performance and favorable room-temperature fatigue strength. Nevertheless, accurately understanding fatigue crack initiation at

the microscale is still a major challenge in engineering, which mainly stems from the inherent sensitivity of the crack initiation process to the

microstructure. Therefore, the fatigue life and dwell fatigue sensitivity of TA33 alloys with different microtexture region (MTR) characteristics

were systematically investigated. Results show that MTR significantly aggravates dwell-fatigue sensitivity and gives rise to a larger crack initiation

area, which is closely associated with dislocation slip and crack transmission within MTR. After removing MTR, the crack initiation zone in the

no-MTR alloy is confined to 2~3 grains, and the area of the crack source region is remarkably reduced. Meanwhile, the dispersed grain

orientations and multi-site nucleation decrease the dwell-fatigue sensitivity of the alloy to 2.86. These initiation characteristics are closely related

to basal slip in the [0001] orientation domain. Crack initiation occurs not only on basal planes of hard grains with low Schmid factor (SF) but also



in the high SF range, both exhibiting a pronounced near-basal orientation dependence.

Key words: TA33 alloy; microtexture; dwell fatigue; crack initiation; basal orientation
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   k  MTR   ϴ c =     ∑  i=1   N  MTR    ∑  j=1   N  MTR i    V  i (2  |   sin ⁡  (  Ɵ i ) -   sin ⁡  (  ϴ ¯ ) | )    ∑  i=1   N g   V i       (    [ 0, 1 ]              (1)
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   N  MTR i


   k  MTR  15°


   X i =    x 1 i ∙sin  θ 2 -  x 2 i ∙sin  θ 1  sin(  θ 2 -  θ 1 )                                                     (2)


         Y i =  y 1 i =  y 2 i =    y 1 i +  y 2 i 2                              (3)


         Y i =  y 1 i =  y 2 i =    y 1 i +  y 2 i 2                              (3)


   Z i =     -x 1 i ∙cos  θ 2 +  x 2 i ∙cos  θ 1  sin(  θ 2 -  θ 1 )                                                 (4)


   Z i =     -x 1 i ∙cos  θ 2 +  x 2 i ∙cos  θ 1  sin(  θ 2 -  θ 1 )                                                 (4)


  AB=(  X B -  X A )i+(  Y B -  Y A )j+(  Z B -  Z A )k


  AB=(  X B -  X A )i+(  Y B -  Y A )j+(  Z B -  Z A )k


  n=AB×BC


  α=   cos  -1 (    n → .k  |   a| → )


   1 -


   1 -  1 -


   1 -  1 -


   1 -  1 -


   1 -  2 -


   1 -


   1 -


   1 -


   1 -  2 -


   1 -  1 -


   1 -


   1 -


   1 -


   2 -


   2 -


   2 -


   1 -  1 -


   1 -  1 -


   1 -  2 -


   1 -


   1 -


   1 -

