
�50�    �5�                                ��������	                                     Vol.50,  No.5 

2021�      5�                      RARE METAL MATERIALS AND ENGINEERING                           May  2021 

 

�����2020-08-28 

���	����	
��
�51775355��������������
����
�18YB55� 


��
��  �� �1987 �!������������"#$%�&�'( �� 110136�#)*024-89728640�E-mail: 

zhousong23@163.com 

 

������� 2A70 �	
��
������ 

 

�  �

1

����

1

���	

1,2

�
  �

1

��  


1,2

 

(1. �������� "#$%�&�'( �� 110136) 

(2. ��+,$-./0�123�
456�'( �� 110136) 

 

�  ���78 2A709:
;<=>?@A�>?BCD�EFGHIJK"LMNOPQ�RSTUV�A�>?

B 2A709:
D�WXEFYZ[\8 67%�]<=>?B[\8 95%�^_A�>?WXEFYZC 16%�R<=

>?UV�A�>?`aCbcdefg�hijW%kdl�S'Umndl�opq.dDMAl

9

FeNi Umndl�

opq.dD�Krs!@tuvwdx�EFYZdy�hijWC%kz{|Umn@opq.C}~����

�A�>?[C 2A709:
D�EFGH����<=>?M 

����D�EF�2A709:
�hijW�{|U 

�������TG115�TG146.21        ������A        �����1002-185X(2021)05-1833-07 

 

��������	
��
��������

�������������� !"2A70���#

$%&��'(�)*+,	-
��./012

3�4�./56789:7:;<"
��./-

=>?@ABC�DEFGHIJAK�LM�NO

FPQRS���TU�VWXY"#$�./01

RS� 2A70 ����Z[\]^_K`�#	8a

�bVWcd�e?@�fg�h2ijk]Hlm

no"$p�2A70��bVWq$]H�'rs"t

-
��./u�vw2ifx7yz{|<}~N

�-�/�2iu�q��P������4���

��F��e���������rcY��y"y

����������%���r ���"� �

/¡¢=£¤¥��
��./���r¦§�¨�

��i©ª�2«�ve/¬­®�VW8a

[1]

�¤

¯°±�8aVW²³�%´r ~µ

[2]

�t��P

�¨¶·���¸¹�%&º»�¤¯°±"no�

�VW���¼ ~µ½���¸¹���,¾¿

C���ÀÁ���TUÂ�ÃÄ�r #	" 

ÅÆÇ��ÈÉÊË�����Ìh 2A70��

�Í¾Ê��<Î��q�Ï�¯�ÐÑ"bÒÓ

[3]

Ô�����}Õh¢�<�¯��Ö×��ÍØ.

���q�ÙÐÑ�Ú­� 2&�����ÛÜ"Ý

Þß<ÊË

[4-6]

�P»�à áµ� 2A70 ���Í

¾Ê���q�ÐÑ�âãäå Al

9

FeNiå7Aæç

�å S'hèéå�q�êë«ç�­��ìãäå�

�Uå�íîhïð«ñòó�ôno� 2A70��

��VWjk"õö

[7]

«ç� 2A70 ÷ø����ù

���he�Õ�úûUøüÕý'�þ����H

2A70 ���-��ABC¼ ç� Al

9

FeNi <å"

��	

[8]

ÐÑ�
�J¢� 2A70�����7���

no����H
��ç��h���
�ç���

å S å©Ûw��,¾����"���<ÊË

[9-11]

ÐÑ�ä������bVW��h³ !"/Õ�

Ú­�¤¯°±7#$Í�¯%³<&&¼ �³ 

!"/ý" 

'()ÐÑ*�Ô¤¯+,Ö×��7Ø.��

�}Õh-./0�¯12 2A70����àê��7

¾Ê���t��3����P�¨�RS���,

¾¿C������TU�no�4tno�bVW

���ÐÑ56©78"À=9Ì 2A70 ���$�

:�ÐÑÖ×���Ø.��P�¨����bVW

q$�no��h#	/Õ" 

�  �  � 

ÀÐÑ	 2A70����UÊ�«$ Cu 1.9~2.5�

Mg 1.4~1.8�Ni 1.0~1.5�Fe 1.0~1.5�Si<0.35�Mn<0.2�

e�;<<0.1�Al = >< «ñ�%?"��@�

AøüÕ>BC 530DE, 10 h�FG�HC?¨P��

�IJòK$ 5 mm7Z 40 mm�LM�bVWNO�



�1834�                                        ��
�T�R$%                                             � 50� 

 

NOPïíî4Q 1 RS"$TU=9­��VêA

W��XY��7Ö×��7Ø.��Z&NO[ 6

\�qN9" 

�bVWN9- QBG-100 �]VWN9/u�

q�^_�`RSa�PKVWN9��>HB 

5287-1996?bq"PK]c 100 Hz�PKd-$ef

d�g�,¾ 270 MPa�,¾Ù$ 0.06"=9-hi

ji·�q"k	 OLYMPUS GX51×Êlàl>OM?

êë�bVW²mn¯�k	 Zeiss ULTRA 55op�

qr+s$làl>SEM?êë�bVW²m7²m

n¯���Û	 EDS�²mn¯���q�t«ç"

Û	 image tooluiv ç�å�íîhïð«ñ" 

�  ���� 

���  �����	 

2A70���@�3�����P�¨�- 270 MPa

,¾wý7,¾Ù 0.06�efdji·�q�bVW

N9�=9­�xw¤ 1"Y�� 2A70����bC

yVWjk$ 310×10

3

 cycle�Ø.��¨CyVWj

k$ 102×10

3

 cycle�Ö×��¨CyVWjk$   

16×10

3

 cycle"ÍY�� 2A70���VWjkåÙ��

3�����¨ 2A70����bVWjkú·z"Ø

.��¨ 2A70����bCyVWjk·z� 67%�

tÖ×������¨ 2A70����bCyVWjk

·z� 95%�*�Ø.��CyVWjk� 16%"­

�¤¥Ø.��¨NO��bVW��{wÖ×��" 

���  
��
��� 2A70���������� 

Q 2$ 2&��P�¨�NO²mn¯ OM_|"

Ö×P�ABCRS¤¯i'}�üw~�M.�-�

�-�}$�������ÌêëH2«³ ���A


#�4Q 2b"tØ.���P������-��

$������Å#$)��7��_-B'7�2,

¾¿CB'���4Q 2a"ÔQC����
���

�������
È«�ãäå���å" 

Q 3 �Û	r+sl� 2&��P�¨�NO²

mn¯�q�%��êë"�ÌêvH���Åú« 

 

 

 

 

 

 

 

� 1  D�EF��mn 

Fig.1  High-cycle fatigue specimen size 
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Table 1  Effect of different marking processes on high cycle 

fatigue life of 2A70 aluminum alloy 

Sample No. Marking craft 

Median fatigue 

life/×10

3

 cycle 

G0.1~6 Unmarked sample 310 

G2.1~6 Vibration marked sample 102 

G3.1~6 Laser marked sample 16 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  2�>?$-��J��� OM�� 

Fig.2  OM images of the fracture side of the samples after 

two marking processes: (a) vibration marked sample 

and (b) laser marked sample 
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Fig.3  SEM images of the fracture side of the samples after 

two marking processes: (a) vibration marked sample 

and (b) laser marked sample 
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Fig.4  Two crack initiation mechanisms: (a) the second phase 

separating from the matrix and (b) surface defects 
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Fig.5  High-cycle fatigue fracture morphologies of 2A70 aluminum alloys after unmarked (a) and two marking processes of vibration 

marking (b), and laser marking (c) 
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Fig.6  High-cycle fatigue crack source morphologies of 2A70 aluminum alloys after unmarked (a) and two marking processes of vibration 

marking (b), and laser marking (c) 
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Fig.7  EDS spectrum of the second phase at the arrow in 

Fig.6c 
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Fig.8  Morphologies of the high-cycle fatigue extension zones of 2A70 aluminum alloy after unmarked (a) and two marking processes of 

vibration marking (b), and laser marking (c) 
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Fig.9  Morphologies of the high-cycle fatigue transient fracture zones of 2A70 aluminum alloy after unmarked (a) and two marking  

processes of vibration marking (b), and laser marking (c) 
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Fig.10  EDS spectrum of the second phase at the arrow in  

Fig.4b 
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Effect of Different Marking Processes on High Cycle Fatigue Performance of 2A70 

Aluminum Alloy 
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Abstract: The high cycle fatigue properties and fracture mechanism of 2A70 aluminum alloy after laser and vibration marking were 

studied. The results show that compared with the base material, the median fatigue life of 2A70 alloy after vibration marking decreases by 

67% and that after laser marking decreases by 95%, which is only 16% of that of 2A70 alloy after vibration marking. In contrast, the 

morphology near vibration marking is more gentle, the stress concentration degree is smaller, the size of S' phase is smaller, the volume 

fraction is higher, the size of Al

9

FeNi phase is smaller, the volume fraction is higher, the crack initiation and propagation rate is lower, and 

the fatigue life is longer. The high cycle fatigue performance of 2A70 aluminum alloy after vibration marking is much better than that after 

laser marking due to the joint action of stress concentration, precipitation phase size and volume fraction.   

Key words: High cycle fatigue; 2A70 aluminum alloy; stress concentration; precipitation phase 
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