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 1  !"# 7020$%�&'(� 

Table 1  Chemical composition of 7020 aluminum alloy (ω/%) 

Zn Mg Cu Mn Cr Ti Zr Fe Si Al 

4.53 1.20 0.11 0.32 0.22 0.04 0.14 0.21 0.11 Bal. 
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² 1  7020ST+U�+�®¯ 

Fig.1  OM microstructure of 7020 aluminum alloy profile 

 

20 µm 

Extrusion direction 
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² 2  T+ SEM³´Z�µ�¶� 

Fig.2  SEM microstructure (a) and second phase statistics (b) of 

alloy 

 

 )  � 2a�*+,-./ EDS01�234 

Table 2  EDS analysis results of the second phases (point 1 and 

point 2) in Fig.2a (ω/%) 

Point Fe Si Mn Cr Cu Zn Mg Al 

1 18.39 4.30 4.27 1.85 0.47 1.58 0.69 68.45 

2 16.00 4.42 4.36 2.40 0.43 1.78 0.64 69.96 
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² 3  T+�_�G��k��MN 

Fig.3  Recrystallization (a) and misorientation (b) analysis of the 

grains for the alloy 

 

 

 

 

 

 

 

 

 

 

² 4  T+ STEM³´Z Al

3

Zr} TEM·¸¹ 

Fig.4  STEM image (a) and TEM dark-field image of the Al

3

Zr (b) 

for the alloy 
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Table 3  EDS analysis results of the second phases (point 1 ~ 4) 

in the grain in Fig.4a (ω/�

��

�) 

Point Fe Si Mn Cr Cu Zn Mg Al 

1 - - 0.02 - - 6.78 3.15 90.03 

2 - 0.2. 2.48 2.64 - 2.05 1.90 90.70 

3 0.11 - 1.88 2.09 - - - 95.90 

4 - - - 0.01 0.64 20.81 7.74 70.77 
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² 5  T+ TEMb¸¹Zº�&HKF»¼ 

Fig.5  TEM bright-field image and corresponding SAED pattern 

of the grain interior (a) and near grain boundary (b)  

 

 

 

 

 

 

 

 

 

 

² 6  7020ST+ S-Nª½ 

Fig.6  S-N curves of the 7020 aluminum alloy 

 

 

 

 

 

 

 

 

 

 

² 7  7020ST+VWqrvwª½ 

Fig.7  Fatigue crack growth rate curve of the 7020 aluminum 

alloy 
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Table 4  Fatigue crack growth data of the alloy at specified ∆K 
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� 8  ∆K=15 MPa·m
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Fig.8  Fracture morphology (a) and enlarged view of zone A (b) 

of the alloy at ∆K =15 MPa·m

1/2 

 

�  ����� 

���������	
 

����������	
��
������

�������������� !"#$��%&

�'(�)*+,���-

[25]

.��/������

�0123456� 2789�Kovács:

[26]

;��3

456�����3<=>?@ABCD�EFGH

IJ4K5J5KL 

3/2 1/2

cutting

1.44( ) ( )

fR

G

Gb b

Γ

τ =

            (4) 

0

orowan

ln(1.57 / )

0.85

2

2 1 (1 1.57 / 2 )

f G b R r

v R f

τ = ⋅ ⋅

π − −

 (5) 

I
 τ

cutting

5 τ

orowan

MNO��3456����PQ

�RS�3<=�ΓOTUVWX�G YZ3[\�b

O��]^_\�fOPQ`aMb�RYPQcd�

ν Oefg�r

0

O��hcd.ijI(4)5(5)kl�

��34�mn�<oPQpq5`aMb�%#*

%r�*6�89�mn�<o�����pq�%

#5`aMb�st*uv.w*x�yz{Wpq�

|���pqv}{Wpq���34����r}

{Wpq���6�����;} Al-Zn-Mg H~�

*���y{Wcd�Y 3 nm

[26,27]

.���
 7020

�~��������01Y η'���� 5 R�.η'

�pq� 3~15 nm�����pq�Y 9.7 nm.r�

b�����pqr}{Wpq���'(�01�

6��I/����'(�k���������*

��<=�
������-.� 9aR�Y~���

<=���	
 10

6

 ¡¢�W£¤¥¦§¨©ª.

)�
k�«F��/�6���I/�����g

¬­®���	
¢����W£¤r\¯a���

¯a°#$�����-.~��±� 10

7

¡��	


¢�²³��´µ¶W· SEM¦¸�� 9bR�.

)�
k«��± 10

7

¡��	
¢��´µ¶W·

�¹º�»¼�½¾¿��PQÀÁ¬�.²³¶W

·Âr¿�����	
��
)ÃÄÀÁ¢�ÅÆ

¼���<=�
��ÇÈÉ#<=	
��kXÊ

�Y�����-
Ë.ÌÍi}½¾¿��yÎ¬

YÏ�Ð�������Ñ�Ò`���ÓÔ*ÕÖ

×�"��Ò`WÄØ��ÀÙ*�Å��Ú�ÛÜ

st~����X

[28]

. 

~�����kX���²³ÃÄ
��ÝÄ"

Ä�ÄÞßàÁ:á������Úâã�ä�� 10

R�.i� 10a 
klãå������}Âr½¾

¿��Ø�~�
i Fe�Si�Mn :æçèÅ�¥é

ê½¾¿��b\¬�pqër������ë��

�

[29]

.� 10bY~���ì���Ú´íî�ä��

��²³ÊàØ�������i��Úïð�ñò

©U²³�óôõ.�åö¶÷"àÁ:<=�
Ø

�øù�x�Âr½¾¿����°#$�����

���úPQ���	
<=����ûü���w

ý)íîþ�·kl�Âr�PQ5<=�
���

�@��������.� Martin:

[10]

��¿øÃ��

� 7075 �~�
�v���	M
� Al

12

Mg

2

Cr :� 

 

 

 

 

 

 

 

 

 

 

� 9 	
��"#$��%&�' 

Fig.9  Micrographs of the alloy after 10
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 (b) cycles of 

loading 
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Fig.10  Initiation micrographs of the fatigue crack at intermetallic 

compounds (a) and corner (b) 
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Fig.11  Effect of intermetallic compounds on fatigue crack 

growth of the alloy: (a) crack along the edge of the 

phases and (b) crack pass through the phases 
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Fig.12  Schematic drawing of intermetallic compounds affecting 

fatigue crack growth 
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Fig.13  Fatigue crack propagation path at Paris regime of the 

alloy observed by SEM (a) and EBSD (b) 
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Table 5  Misorientation of adjacent regions on both sides of 

fatigue crack of the alloy in Fig.13b 

Adjacent 

region 

Misorientation 

angle/(°) 

Adjacent 

region 

Misorientation 

angle/(°) 

1-2 7.7 12-13 5.4 

3-4 32.8 14-15 2.1 

5-6 33.2 16-17 1.5 

6-7 8.5 17-18 16.5 

8-9 3.9 18-19 3.8 

10-11 2.9 20-21 7.6 
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Table 6  Misorientation of adjacent regions on one side of 

fatigue crack of the alloy in Fig.13b 

Adjacent 

region 

Misorientation 

angle/(°) 

Adjacent 

region 

Misorientation 

angle/(°) 

1-3 53.7 11-13 9.5 

3-5 48.4 13-15 60.4 

5-7 37.9 15-17 6.3 

7-9 6.5 17-19 25.9 

9-11 13.8 19-21 39.8 
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Fig.14  Schematic drawing of fatigue crack growth path 

considering grain orientation and grain boundary 

characteristics 
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Abstract: The effect of microstructure on fatigue behavior of 7020 aluminum alloy profile was investigated by optical microscopy, 

scanning electron microscopy, scanning transmission electron microscopy and electron back scattering diffraction technique. The results 

show that the fatigue strength of the alloy is 232.9 MPa at 10

7

 cycles of loading, under the stress ratio R of 0. The fatigue crack growth 

rate is about 6.44×10

-5 

mm/cycle at ∆K of 8 MPa·m

1/2

. The coarse high-melting intermetallic compounds with a size of 3 µm to 12 µm in 

the alloy not only easily become the initiation of fatigue crack, but also accelerate fatigue crack growth. In the unrecrystallized area, the 

fatigue crack growth of the alloy mainly occurs by a transgranular mechanism. When the adjacent grains are small equiaxed recrystallized 

grains with high misorientation, fatigue cracks would propagate rapidly along the grain boundaries. The lower the proportion of 

recrystallization and its corresponding high-angle grain boundaries, the more tortuous of the fatigue crack propagation path. Under these 

conditions, the fatigue crack of the alloy propagates slowly. 

Key words: 7020 aluminum alloy; microstructure; fatigue strength; fatigue crack growth 
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