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Æ 1  Cr12MoV���ÇefghÈCÇgÁÉÊË]ÌÆ 

Fig.1  Diagram of the size (a) and the residual stress testing 

points and the attached strain rosette (b) of Cr12MoV 

steel specimen 
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� 2  1#�������	
��� XRD�� 

Fig.2  XRD patterns of 1# specimen before and after the high- 

frequency vibratory stress relief 
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� 3  ����� K-∆K� 

Fig.3  K-∆K maps before (a) and after (b) high-frequency 

vibration 
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Fig.4  Dislocation density testing results 
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� 5  �������	 

Fig.5  Residual stress testing results 
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Fig.6  Multi-freedom system of the crystal grain 
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Fig.7  Vibration modes of the multi-freedom system of the 

crystal grain: (a) low order vibration mode and (b) high 

order vibration mode 
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Fig.8  Relationship between shear resistance τ and shear strain γ 
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Fig.9  Diagram of the dislocation density evolution process 

0><_`abc |} GhôÊXY=���&-

T3W�gL&���Gh.Ò�Gh�� 2?���

�9Gh����ôÊ���&01	ÃÄ3:;¢

2<G�83�
=|} 	Gh��6i Gh��

	�
�5=|} 	�@A����83©ª=|

} 	«¬®� 

��������

1) ���&�opq�rtu	Gh���
�

Ê 27.21%�)*���&�o-.�
|} 	Gh

���B����&�opq�rtu xCD� yCD

	«¬®E(	,-T"éÊ 185.0 � 142.3 MPa�

)*���&�o7,$F	«¬®ýþo¡� 

2) K��������B$�	��_de�

��M�	��;</0$1	�&-T�,f��

g�� 	GhL&6��RS��������	

���&-TMUVW���XY�83�g�� 

	GhL&� 

3) ���&�o��9Gh������GH

Gh.Ò�Gh�� 2 ?����9|} 	Gh�

���:;¢2<G�83�
=|} 	Gh���

Gh��	�
�5=|} 	�@A����83

©ª=|} 	«¬®� 

 

����    References  

[1] Munsi A S M Y, Waddell A J, Walker C A. Strain[J], 2001, 

37(4): 141 

[2] Buchanan D J, John R. Materials Science and Engineering 

A[J], 2014, 615: 70 

[3] Wang J S, Hsieh C C, Lai H H et al. Materials Characteri- 

zation[J], 2015, 99: 248 

[4] Liu Xiaodan(��), Tao Xinghua(���), Han Zhenqiang 

(���). Journal of Vibration and Shock(�����)[J], 

2015, 33(4): 171 

[5] Shen Hualong(���), Wu Yunxin(���), Guo Junkang(�

� ). Journal of Vibration and Shock(�����)[J], 2009, 

28(8): 191 

[6] Hu Min(! "), Yu Changwu(#$%), Zhang Jun(& �) et 

al. Journal of Xi’an Jiaotong University('()*+,,

-)[J], 2014, 48(6): 65 

[7] Wang Jianwu(./% ), He Wen(0  1 ). Machine Tool & 

Hydraulics(23�45)[J], 2005(9): 9 

[8] Jiang Gang(6 7), He Wen(0 1), Zheng Jianyi(89:). Jour- 

nal of Zhejiang University(;<+,,-)[J], 2009, 43(7): 1269 

[9] He W, Gu B P, Zheng J Y et al. Applied Mechanics and 

Positive edge dislocation 

Dislocation 

c
 

dγ 

Dislocation 

accumulation 

Dislocation 

annihilation 

Slip plane 

Negative edge dislocation 

a 

b 

Forest dislocation 

Dislocation 

Orowan 

loop 

a 



=2482=                                          >?@ABC�D	                                           E 47F 

Materials[J], 2012, 157-158: 1157 

[10] ASTM E 837-08[S]. Standard Test Method for Determining 

Residual Stresses by the Hole-drilling Strain-gage Method. 

Pennsylvania: ASTM International, 2008 

[11] Gay P, Hirsch P B, Kelly A. Acta Metallurgica[J], 1953, 1(3): 

315 

[12] Takebayashi S, Kunieda T, Yoshinaga N et al. ISIJ Interna- 

tional[J], 2010, 50: 875 

[13] Ungár T. Materials Science and Engineering A[J], 2001, 309- 

310: 14 

[14] Shintani T, Murata Y. Acta Materialia[J], 2011, 59(11): 4314 

[15] Williamson G K, Smallman R E. Philosophical Magazine[J], 

1956, 1(1): 34 

[16] Pan Long(G �), He Wen(0 1), Gu Bangping(HIJ).  

Transactions of Materials and Heat Treatment(BCKLM

,-)[J], 2015, 36(S1): 134 

[17] Morito S, Nishikawa J, Maki T. ISIJ International[J], 2003, 

43(9): 1475 

[18] Li Chunguo(NOP ), Huang Jiangzhong(Q<R ), Yang 

Shangyu(STU) et al. Electric Welding Machine(VW2)[J], 

2014, 44(5): 161 

[19] Ahmadi F, Farzin M, Mandegari M. Ultrasonics[J], 2015, 63: 111 

[20] Zheng Jinxin(8@X), Wan Zhimin(YZ"), Du Xingwen 

([\]) et al. Journal of Experimental Mechanics(^_`

,)[J], 1998, 13(4): 492 

[21] Lu Yaping(abc), He Wen(0 1). Transactions of the 

Chinese Society for Agricultural Machinery(de23,

-)[J], 2006, 37(12): 197 

[22] Shalvandi M, Hojjat Y, Abdullah A et al. Materials and 

Design[J], 2013, 46: 713 

[23] Argon A S. Strengthening Mechanisms in Crystal Plasticity 

[M]. New York: Oxford University Press, 2008: 47 

[24] Kocks U F, Argon A S, Ashby M F. Thermodynamics and 

Kinetics of Slip[M]. Oxford: Pergamon Press, 1975: 18 

[25] Patra A, Zhu T, McDowell D L. International Journal of 

Plasticity[J], 2014, 59: 1 

[26] Aoyagi Y, Tsuru T, Shimokawa T. International Journal of 

Plasticity[J], 2014, 55: 43 

[27] Fang X F, Dahl W. Materials Science and Engineering A[J], 

1995, 203(1-2): 14 

 

Microcosmic Mechanism of High-Frequency Vibratory 

Stress Relief Based on Dislocation Density Evolution 

 

Gu Bangping

1,2

, Hu Xiong

1

, Xu Guanhua

2,3,4

, Lai Jintao

5

, Pan Long

2

 

(1. Shanghai Maritime University, Shanghai 201306, China) 

(2. Zhejiang Province Key Laboratory of Advanced Manufacturing Technology, Zhejiang University, Hangzhou 310027, China) 

(3. Zhejiang University Kunshan Innovation Institute, Kunshan 215347, China) 

(4. Kunshan Industrial Technology Research Institute Co. Ltd, Kunshan 215347, China) 

(5. Shaoxing University, Shaoxing 312000, China) 

 

Abstract: In order to reveal the mechanism of the high-frequency vibratory stress relief, the effect of the evolution of the dislocation density 

with the help of high-frequency vibration on the residual stress relaxation was studied. The Williamson-Hall (WH) method and the hole-drilling 

method were used to evaluate the dislocation densities and the residual stresses in the Cr12MoV steel quenched specimens before and after 

high-frequency vibration. Based on the experimental results, the multi-freedom system of the crystal grain was developed based on the 

microscopic dynamics theory in order to analyze the mechanism of high-frequency vibration activated dislocation motion. In addition, the 

governing equation of the dislocation density evolution with the aid of high-frequency vibration was proposed in order to reveal the microcosmic 

mechanism of the high-frequency vibratory stress relief. The results show that the dislocations inside the materials are activated with the help of 

high-frequency vibration. The dislocation density evolution process mainly consists of the dislocation accumulation process and the dislocation 

annihilation process. And the dislocation annihilation is dominant with the help of high-frequency vibration, and thus the dislocation density 

inside the materials can be reduced. The degree of the lattice distortion can be reduced due to the decrease of the dislocation density. As a result, 

the residual stress inside the materials can be relieved by the high-frequency vibratory stress relief. 

Key words: high-frequency vibratory stress relief; dislocation density; residual stress; dislocation annihilation 
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