
� 48�    � 5�                               ��������	                                Vol.48,   No.5 

2019�      5�                      RARE METAL MATERIALS AND ENGINEERING                     May    2019 

 

�����2018-05-10 

���	����	
��
 (51665030); ������������� (IRT_15R30) 


��
�������1976��� !�"#$�%&'()�*+(,�-�./0%&0730050�E-mail: frcly@163.com 

 

�� γ-TiAl ������	
��
����� 

 

���

1,2

����

1,2

��	


1,2

����

1,2

�
  �

1,2

����

1,2 

(1. %&'()�0*+(,�-�./0%& 730050) 

(2.0123456789:;<=#>;?@ABC�./0%&0730050) 

 

�  �DE9FGHI�JKLMNO γ-TiAl P
QRSTU,�VUWNO γ-TiAl P
X=YZ�[�F\�]^

_`aSTbc�STdcWSTU,Xef�gh�iDjSTU,k�lmSTbcXn)�Sopqrsn)�

SoktGuvwxwyz�{|zc}~l�n)��lmSTdcXn)�{|zc��~l����j��X

STbc�STdc����STU,k���J�~���V��{|��(�X�c���}�~�8Xn)��

����STdc� 400 m/s�����JXST ¡¢£¤itG|u�0

����NO γ-TiAlP
�QRST�FGHI��{| 

�������TH161; TG146.23        ������A         �����1002-185X(2019)05-1559-08 

 

��������	
��
��������

���������� 
!"#$���%�&'

��()*+'�,�-./01

[1]


234564

7�89:;<=>?�����4$@�ABCD

EFGHIJKDELE4MN�OPQR
S.T

UVWXY��Z[��\��B5.]�^_

[2]

$

`aCb�cde�f�g�hi���89jk*

lm
noZ. X. Zhu 

[3]

p�lm*qrg��st@�

ABCuv
wxyz{|}~�����89B�

A���Y�$Q. Wang

 [4]

�lm*qre��89#

�y���w�^�
wxyz��8����st

y���*}~����Z���$Y. D. Gong 

[5]

�

��@�ABCuv*qrg���89
�Q8�

Y���r��\/y�����\5�\��st

�\2�s$S. Goel 

[6]

�lm*�4w�df89�

��$�d�qr ¡��89%:�lm�x¢£$p

¤� γ-TiAl ¡¥¦§¨\�©ª��«¬\5

­®�-�¯°
�±��A%²³7´N��µpp

�

[7,8]

$¶· γ-TiAl ¡��89%:D��lm¸¹

º»¼½¾
¿Àlm γ-TiAl ¡���89¥¦Á

�ÂÃ$ÄÅÆµ�@�ABCDE
lm=Ç89

�\589�\d89È�#Y�w�_��8��

�G/Z�^�����$Älm�x<¿���%

���'�� 
!"ÉÊstËÌ:;ÍÎ$p

1  �������� 

1.1  ���� 

γ-TiAl ¡¥¦ÏÐ� L1

0

Ñ�ÒÓD(FCT)rÔ

w�nÕ 1ÖI
×rØÙÚ@Û¿ a=b=0.4001 nm�

c=0.4181 nm

[9]

���89@�ABCuÑnÕ 2 Ö

I$uÑÜÝ¿ 18 nm×11 nm ×10 nm (X�Y�Z)
×

Þ89t'ßà 118441XY�
¡áâã¥ßà 5747

XY�$�uvÈ�#äXt'Þ@¿ å æY�çè

é��ê«�5ëì�Y�$èé�5ê«�Y��

�í\î)¿ 0.5 nm
�89È�#ïNð)t'ñ�ò

2ê«��óô�èé�Y�
,«\õö� 293 Kò

×÷�ëì�Y�
øY��µAùúëìûü)ý$

¿*Dþlm5��
uv�������@Û	
¿

NVE5 1 fs
À��¡áâã¥î[¿á-Ô$p

89�\�	

�G�»¼
�w  γ-TiAl 

¡�Ð-jk*v)$S. U. Hao

[10]

��È@�ABC

uve�st�\d8������-�89�\	


¿ 10~2000 m/sòY. D. Gong 

[5]

�lmqrg��s

t@�ABCuv
89�\	
¿ 100~1200 m/s


�À
��Nuv����
ÄÅÆ89�\	
¿

50
100
200/ 400 m/s
��89�\	
¿ 0.5


1/ 1.5 nm$ 

1.2  ����	
 

@�ABCuv��.´NF��wx�	
�

��Ú����
�uvÈ�# ��� Ti-Al�Ti-C�

Al-C!���"ñ�$Älm	
#$Y��(EAM) 

 



�1560�                                       ������	
�                                              � 48
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Fig.1  Lattice structure of γ-TiAl 
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Fig.2  Nanometric cutting model of single crystal γ-TiAl alloy!Ti 

atoms are green, Al atoms are red" 
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Fig.3  Diagram of the cutting process at cutting distances of 3 nm  

(a) and 12 nm (b) 
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Fig.4  Number variation of atoms with the cutting distance on the 

surface 
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Fig.5  Newtonian layer temperature variation curve of the 

workpiece in nanometric cutting process 
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Fig.6  Variation curve of system potential energy in nanometric 

cutting processp
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Fig.7  Dislocation in nanometric cutting process 
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Fig.8  Cutting sections of different cutting depths: (a, c) 0.5 nm and (b, d) 1.5 nmp
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Fig.9  Variation curves of crystal structure at different cutting depths: (a) hcp, (b) bcc, and (c) dfccp
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Fig.10  Variation curves of the temperature at different cutting 

depths 
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Fig.11  Variation curves of the potential energy at different 

cutting depths 
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Fig.12  Effect of different cutting depths on dislocation: (a) 0.5 nm, (b) 1 nm, and (c) 1.5 nmp
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Fig.13  Cutting sections of different cutting speeds: (a) 50 m/s, (b) 100 m/s, (c) 200 m/s, and (d) 400 m/sp
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Fig.14  Variation curves of crystal structure at different cutting speeds: (a) hcp, (b) bcc, and (c) dfccp
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Fig.15  Variation curves of temperature at different cutting speeds 
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Fig.16  Variation curves of potential energy at different cutting  

speeds 
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Fig.17  Effect of different cutting speeds on dislocation: (a) 400 m/s, (b) 200 m/s, (c) 100 m/s, and (d) 50 m/s 
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Abstract: Molecular dynamics simulations were employed to study the nanometric machining process of single crystal γ-TiAl alloy. The 

influences of different cutting speeds and cutting depths on nanometric cutting process of single crystal γ-TiAl alloy were discussed 

by molecular dynamics modeling, calculation and analysis. The results show that the accumulated volume of chips increases with the cutting 

depth increasing in nano-cutting process; at the same time the atoms in the chip stack are tighter and the dislocation density is increased. 

However, the dislocation density is decreased with the cutting speed increasing. In a certain range of cutting depth and speed, in front of the tool 

will produce “V”-type dislocation ring of the cutting process, and the temperature and potential energy of the workpiece will increase 

correspondingly. When the cutting speed is 400 m/s, in particular, there is no atomic misalignment on the cutting surface in front of the tool. 

Key words: single crystal γ-TiAl alloy; nanometric cutting; molecular dynamics; dislocation 
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