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Fig. 1 Schematic diagram of single crystal model
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Table 1 Relationship between local coordinates and global

coordinates
Global coordinate

Crystal No.

X Y z
Crystal-1 [101] [010] [101]
Crystal-2 [110] [001] [170]
Crystal-3 [111] [110] [112]
Crystal-4 [102] [010] [201]

22 BS¥EE

i p-TiAl [ s e R 250 P g 2
fizn. 7% AKHTAR U Rseab oy, mBus &
7-TiAl HLEEMEIAR S IS4 p-TIAl P EZEH &)
SATEEBER O. BHBER S AR T, Wik 3
Pras. MmN R IR B UIN JJHL 130 MPa, ZR4E
ARG B VI N E S 2 AH, RIS

T2 p-TIAL MG PR )
Table 2  Elastic modulus of y-TiAl single crystal (Unit: GPa)

Cllll C'1122 C2222 C1133 C2233 C3333 C1212 C1313 C2323

190 105 190 90 9 18 50 120 120

£3 p-TIAL B R
Table 3  Slip systems of y-TiAl

Number Ship Ship Number Ship Ship
plane  direction plane direction
o1 (111) [110] S1 (111)  [011]
02 (111 [110] S2 (111)  [101]
03 (111) [110] S3 (111)  [011]
04 (117) [110] S4 (111)  [011]
T1 (111) [112] S5 (111)  [101]
2 (111 [112] S6 (111)  [011]
73 (111 [112] S7 (111)  [101]
T4 (117) [112] S8 (111)  [011]

N JTHC 200 MPa. H & S — B BE MR BN T ¢ BUW)
LRIR S BN i 1.3 ff5. Sl i R, Wi &M
AR R Z AT REAL AR 2 A I 400, 500 AT 400 MPa.
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Fig. 2 Shear strain distribution of single crystals with different orientations at final step of tensile deformation: (a) Crystal-1;

(b) Crystal-2; (c) Crystal-3; (d) Crystal-4

B3 T TR Xy A B ) AR A

Fig. 3 Schematic diagram of shear strain distribution on XY section perpendicular to tensile axis: (a) Crystal-1; (b) Crystal-2; (c)

Crystal-3; (d) Crystal-4
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Fig. 5 Shear strain of slip system at different tensile directions: (a) Crystal-1; (b) Crystal-2; (c) Crystal-3; (d) Crystal-4
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Mises stress/MPa Mises stress/MPa

(Avg: 75%) (Avg: 75%)

1.535X103 1.097 X103

1.444 X103 1.032X 103

1.353X103 9.679X 102

1.262X103 9.034 X102

1.172X103 8.389X 102

1.081 X103 7.744 X 102

9.901 X 10? 7.100X 102

8.993 X 102 6.455X% 102

8.086 X 102 5.810X 102

7.178 X 10% 5.165X 102

6.271 X 102 4.520X 102

5.363 X 10? 3.875X 102

4.456 X107 3.231 X102

Mises stress/MPa Mises stress/MPa

(Avg: 75%) (Avg: 75%)

1.125X 103 1.778 X103

1.067X 103 1.666X 103 ()
1.008 X103 1.554 X103

9.499 X 10? 1.441X103

8.914 X 10? 1.329%x 103

8.330X 102 1.217X103

7.746 X 102 1.105X 103

7.162 %102 9.927 % 102

6.578 X102 8.806 X 102

5.994 X 10* 7.684 X102

5.410X 10? 6.562 %102 A
4.826%X 102 5.440 % 10? Zz X
4.242X10% 4.319X 102

B 6 FLMALTEA T INASIRILE dfok (K11 ) 43 A1
Fig. 6 Stress distribution of single crystals with different orientations at final step of tensile deformation: (a) Crystal-1;

(b) Crystal-2; (c) Crystal-3; (d) Crystal-4
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Fig. 7 Stress distribution on XY section perpendicular to tensile axis: (a) Crystal-1; (b) Crystal-2; (c) Crystal-3; (d) Crystal-4
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Fig. 9 Variation curves of Mises stress with engineering strain
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CPFEM simulations on grain rotation of
y-TiAl single crystal during plastic deformation

ZHAO Wen-juan" %, ZHANG Lu"? LI Xiao-bin’, PENG Yuan-yi"?, HUANG Ming-li*, LIN Qi-quan"?

(1.School of Mechanical Engineering, Xiangtan University, Xiangtan 411105, China;
2. Key Laboratory of Welding Robot and Application Technology of Hunan Province,
Xiangtan University, Xiangtan 411105, China;

3. Building and Construct Research Institute Co. Ltd. of MCC, Beijing 100088, China;
4. Northeastern University at Qinhuangdao, Qinhuangdao 066004, China)

Abstract: A meso-scale numerical constitutive model was established by the theory of crystal plasticity and finite
element method to describe the mechanical behavior of the face-centered tetragonal (L1,) metal. Based on this model,
uniaxial tension of y-TiAl single crystal at room temperature was simulated. The tensile orientation was ordinary slip
orientation [1 1 0], super slip orientation [ 1 01], twin slip orientation [11 2 ] and arbitrary orientation [ 2 01], respectively.
The results show that the single crystals rotate along the central axis during the tensile deformation. Moreover, orientation
has dramatic effect on the grain rotation. The single crystal with tensile orientation of [110] (ordinary slip) has less
rotation angle. However, the others have larger rotation angle. With tension along the orientation of [1 1 0] (ordinary slip),
less tensile resistance leads to easy activation of slipping of the ordinary dislocation. Furthermore, the activation of
ordinary slip system is primary during the tensile process. With tension along the other orientations, the crystals should
adjust the orientation factor to accommodating the deformation by grain torsion, which shows larger rotation angle.

Key words: y-TiAl alloy; crystal plastic; orientation; grain rotation; plastic deformation; finite element
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