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Table 1  Chemical composition of DD6 alloy (ω/%) 

Cr Co W Al Ta Re Mo Ni 

3.8 8.5 7.0 5.2 6.0 1.6 1.5 Bal. 
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� 1  DD6�� !"#$% 

Fig.1  Two-phase structure of DD6 original material 
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Fig.2  Dimension (a) and physical drawing (b) of “I” type sample 
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� 3  323�4+,�5678 

Fig.3  Fracture morphologies of samples of [001] orientation (a), [011] orientation (b), and [111] orientation (c) 
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� 4  [001]3�� 980 @/250 MPa�� 20 h,ABC
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Fig.4  Dislocation distribution of sample of [001] orientation after creep under 980 @/250 MPa for 20 h: (a) macro dislocation 

distribution and operation vector, (b) local dislocation direction, (c) [001] orientation space layout, and (d) schematic of [001] 

orientation dislocation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  [111]3�� 980 @/250 MPa�� 20 h,ABC
�DE 

Fig.5  Dislocation distribution of sample of [111] orientation after creep under 980 @/250 MPa for 20 h: (a) macro dislocation distribution 

and operation vector, (b) local dislocation direction, (c) [111] orientation space layout, and (d) schematic of [111] orientation dislocation 
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� 6  [011]��� 980 �/250 MPa�� 20 h�	
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�� 

Fig.6  Dislocation distribution of sample of [011] orientation after creep under 980 �/250 MPa for 20 h: (a) macro dislocation distribution 

and operation vector, (b) local dislocation direction, (c) [011] orientation space layout, and (d) schematic of [011] orientation dislocation 
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Fig.7  TEM image (a) and schematic diagram (b) of the dislocation 

in the matrix phase lunging past the enhanced phase 
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Table 2  Elastic parameters of DD6 nickel based single crystal 

superalloy at 980 �
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Orientation 
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modulus/GPa 

[001] 80.5 0.39 91 

[011] 217.5 0.39 245 

[111] 145 0.39 165 
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Table 3  Creep parameters of DD6 nickel based single crystal 

superalloy at 980 �
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Fig.8  Creep test curves and simulations of [001] orientation of 

DD6 superalloy at 980 
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Fig.9  Creep test curves and simulations of three orientations of 

DD6 superalloy at 980 
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Fig.10  Morphologies of cleavage plane for creep fracture in [001] orientation (a), [011] orientation (b), and [111] orientation (c) 
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Fig.11  Octahedral slip system: (a) cleavage plane, (b) the hole extends along (001) lattice plane, and (c) the hole extends 

along (011) lattice plane 
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Fig.12  Hexahedral slip system: (a) cleavage plane, (b) the hole extends along (111) lattice plane, and (c) the hole extends 

along (011) lattice plane 

 

�uCÙÚu 2h�F2�uã1 

��������

1) [001]�:��)���c¤2T����[111]

�:��)���c±2T�����[011]�:P�

2G����)��Q1 

2) �Û��C#�wxy4z{|���k_

7l��©���%�T��FSe4�³É���

[\9:���«���k_7lC��mnop7

l��²õö#��N
���:���b�w��

`�1 

3) ��¡ò�DE*/c¡ò1-]ÎÏ�÷ü

C]EÔ�JK��EÔJKq¡ò>2a(üDE1

^�¤2T���C±2T���M]ÎÏ�ÐEÔ

JK�ø\��ó�[001]�[011]C[111] 3h�:
¡

òDÃM���F2�u�*F1�F2� γ/γ′I�2

Ñu��]ÎÏH"##�ô�P24Ý¾ãJK�#

qC�����9��¦ã�F2Iäu��1 

 

����    References 

[1] Wen Z X, Zhang D X, Li S W et al. Journal of Alloys & 

Compounds[J], 2017, 692: 301  

[2] Zhao Y S, Liu C G, Guo Y Y et al. Progress in Natural Science: 

Materials International[J], 2018, 28(4): 483  

[3] Pei H P, Wen Z X, Zhang Y M et al. Applied Surface Science[J], 

2017, 411: 124  

[4] Wang Baizhi(IJK), Wen Zhixun(�LM), Liu Dashun(NO

P) et al. Rare Metal Materials and Engineering(��	��

����)[J], 2015, 44(11): 2747  

[5] MacKay R A, Maier R D. Metallurgical Transactions A[J], 

1982, 13(10): 1747  

[6] Yue Zhufeng(QRS), Yu Qingmin(<TU), Wen Zhixun(�

LM) et al. Structural Strength Design of Nickel-Based Single 

Crystal Turbine Blades(����VWXYZ[\]^

_)[M]. Beijing: Science Press, 2008 

[7] Sass V, Feller-Kniepmeier M. Materials Science and Engine- 

ering A[J], 1998, 245(1): 19  

[8] Han G M, Yu J J, Sun Y L et al. Materials Science and 

Engineering A[J], 2010, 527(21-22): 5383  

[9] Betten J. Creep Mechanics[M]. New York: Springer, 2008 

[10] Kachanov L M. Introduction to Continuum Damage 

Mechanics[M]. The Netherlands: Martinus Nijhoff, 1986 

[11] Rabotnov Y N. Creep Problems in Structural Members[M]. 

Amsterdam: North-Holland Publishing Company, 1969  

[12] Gunturi S S K, MacLachlan D W, Knowles D M. Materials 

Science and Engineering A[J], 2000, 289(1-2): 289  

[13] Zhang J X, Murakumo T, Harada H et al. Scripta Materialia 

[J], 2003, 48(3): 287  

[14] Hill R. Journal of the Mechanics and Physics of Solids[J], 

1966, 14(2): 95  

[15] Hill R, Rice J R. Journal of the Mechanics and Physics of 

Solids[J], 1972, 20(6): 401 

[16] Kakehi K. Materials Transactions[J], 1999, 40(2): 159  

[17] Tinga T, Brekelmans W A M, Geers M G D. Modelling & 

Simulation in Materials Science & Engineering[J], 2010, 

18(1): 015 005 

[18] Yuan C, Guo J T, Yang H C et al. Scripta Materialia[J], 1998, 

39(7): 991  

[19] Preußner J, Rudnik Y, Brehm H et al. International Journal of 

Plasticity[J], 2009, 25(5): 973  

[20] Zhao L G, O’Dowd N P, Busso E P. Journal of the Mechanics 

& Physics of Solids[J], 2006, 54(2): 288  

a 

b 

c 



�3938�                                           ��	������                                          � 48  

[21] Déprés C, Fivel M, Tabourot L. Scripta Materialia[J], 2008, 

58(12): 1086  

[22] Kumar R S, Wang A J, Mcdowell D L. International Journal 

of Fracture[J], 2006, 137(1): 173  

[23] Wang Baizhi(IJK). Thesis for Doctorate(`abc)[D]. 

Xi’an: Northwestern Polytechnical University, 2014 

[24] Liu Dashun(NOP). Thesis for Doctorate(`abc)[D].  

Xi’an: Northwestern Polytechnical University,  2015 

[25] Yeh N M, Krempl E. Advances in Multiaxial Fatigue[M]. 

West Conshohocken, PA: ASTM International, 1993 

 

 

Anisotropic Creep Life Prediction of Nickel-based Single 

Crystal Based on Dislocation Movement 

 

Zhang Chengjiang

1

, Hu

 

Weibing

1

, Wang Jiapo

2

, Tong Wenwei

2

, Wen

 

Zhixun

2

, Yue Zhufeng

2

 

(1. Xi’an University of Architecture and Technology, Xi’an 710055, China) 

(2. Northwestern Polytechnical University, Xi’an 710072, China) 

 

Abstract: The creep tests of three different orientations of the single crystal superalloy DD6 were carried out at 980 °C. The results 

indicate that the creep failure mechanism of superalloy is the initiation of micropores and the propagation of microcracks, which is caused 

by dislocation motion. The dislocation morphology of monocrystals in [001], [111] and [011] orientation at the initial stage of creep was 

analyzed by transmission electron microscopy (TEM), matching the characteristics of the octahedral sliding system activated, the 

hexahedral sliding system activated and the simultaneous motion of the two sliding systems, respectively. Based on the crystal plasticity 

theory, the creep constitutive model and creep damage model under variational stress conditions considering Orowan effect and dislocation 

blocking effect were established; meanwhile, the model parameters were fitted according to the creep curve obtained from the test. 

Moreover, the finite element simulation results of the model and creep fracture morphology of monocrystalline materials confirm each 

other and explain the anisotropic behavior of monocrystalline creep. 

Key words: nickel based single crystal superalloy; dislocation movement; creep fracture; crystal plasticity 
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