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Table 1  Chemical composition of MB8 magnesium alloy (ω/%) 

Mn Ce Zn Al Si Fe Cu Ni Be Mg 

1.3~2.2 0.15~0.35 �0.30 �0.20 �0.10 �0.05 �0.05 �0.007 �0.01 Bal. 
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Table 2  Mechanical properties of MB8 magnesium alloy 

Modulus of elasticity, E/MPa Yield strength, σ

s

/MPa Tensile strength, σ

b

/MPa Elongation, δ/% Poisson’s ratio, µ 

4.5�10

4

 196 264 11 0.33 
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Fig.1  Shape size of specimens 
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Table 3  Ultrasonic fatigue test results of as-welded MB8 

magnesium alloy specimens  

Number Stress range/MPa Fatigue life/cycle Fracture location 

1 70 1.05E+06 Weld toe 

2 60 1.91E+06 Weld toe 

3 50 2.47E+06 Weld toe 

4 40 6.19E+06 Weld toe 

5 35 4.54E+07 Weld toe 

6 25 �1E+09 Run-out 
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Table 4  Ultrasonic fatigue test results of MB8 magnesium 

alloy specimens treated by ultrasonic impact 

Number Stress range/MPa Fatigue life/cycle Fracture location 

1 80 1.00E+06 Weld toe 

2 70 1.82E+06 Weld toe 

3 65 3.22E+06 Weld toe 

4 60 2.83E+06 Weld toe 

5 50 3.95E+07 Weld toe 

6 40 1.06E+08 Weld toe 

7 35 1.41E+08 Weld toe 

8 35 1.94E+08 Weld toe 

9 30 �1E+09 Run-out 
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Fig.2  S-N curves of as-welded and treated joints 

 

E°~�67,8CP9�\:���;<"	~�

QR(� 1.0×10

6

~1.0×10

9

123�4C��
	~�

�"r��
	�(Ú² 3 3² 4 ¼½='Còó:

�Ú�Â©,8( 

�
3��
~�òÙï#>Åõ�&�C¼½

�½}Ü¶è²?ð 

�
ðlgN+7.14lg∆σ=18.71                z1| 

(1.0×10

6

@N@1.0×10

9

)  

��
ðlgN+7.14lg∆σ=19.43              z2| 

(1.0×10

6

@N@1.0×10

9

)  

Úû 2 �	 2 A S-N (õ�B N=5.0×10

6

3

1.0×10

8 

2�~�12C�tC��	~������

�C� ä² 5åæ( 

10

6

10

7

10

8

10

9

20

30

40

50

60

70

80

Fatigue Life, N/cycles

S
t
r
e
s
s
 
R

a
n

g
e

,
 
∆
σ

/
M

P
a

 As-welded

 Treated



�652�                                           ��
���-�0                                           � 48� 

 ;""-.<9:./034=>?@"

Table 5  Fatigue strength comparison of as-welded and 

ultrasonic impact treated specimens 

Fatigue strength/MPa 

Specimen 

N=5.0×10

6

 N=1.0×10

8

 

Reduction rate/% 

As-welded 47.86 31.62 34 

Ultrasonic impact 

treated 

60.26 39.81 34 
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Fig.3  Principal stress contours of as-welded (a) and ultrasonic 

impact treated (b) specimens 
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Table 6  Residual stress at the weld toe of specimens before 

and after UIT  

Specimen σ

x

/MPa Error/% σ

y

/MPa Error/% 

Welded plate 191 54 56 23 

Impact plate –100 41 –72 30 

Welded 56 38 44 20 

Impact –16 11 –8 10 
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Fig.4  SEM images and SAED patterns of weld toe surface under different impact parameters 
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Fig.5  Metallograph of as-welded joint surface 
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Fig.6  TEM morphologies of weld toe surface under UIT: (a) dislocation, (b) dislocation tangle and dislocation wall, and (c) sub-grain 
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Mechanism of Improving Ultra-high Cycle Fatigue Properties of MB8 Magnesium 

Alloy Welded Joint by Ultrasonic Impact Treatment 

 

He Bolin, Xie Xuetao, Ding Jianghao, Deng Haipeng, Jin Hui 

(East China Jiaotong University, Nanchang 330013, China) 

 

Abstract: The effect of ultrasonic impact treatment (UIT) on ultra-high cycle fatigue properties of MB8 magnesium alloy welded joint was 

investigated by ultrasonic fatigue test. At the same time, the mechanism of UIT improving the ultra-high cycle fatigue properties of MB8 

magnesium alloy welded joints was investigated from three factors, including stress concentration, residual stress and grain refinement. 

The results show that under the fatigue life of 1× 10

8

 cycles, the fatigue strength of the ultrasonic impact treated specimen is 39.81 MPa, 

which is 26% higher than 31.62 MPa of the as-welded. This indicates that UIT can obviously improve the ultra-high cycle fatigue 

properties of MB8 magnesium alloy welded joint. The weld toe stress concentration factor

 

of as-welded specimen (K

t1

)

 

is 1.95 and that of 

ultrasonic impact treated specimen (K

t2

)

 

is 1.67, which is reduced by 14.4%. The UIT can reduce the stress concentration of the weld toe. 

After UIT, the stress at the toe of the specimen changes from residual tensile stress to residual compressive stress. UIT refines surface grain 

of the weld toe to improve ultra-high cycle fatigue properties of MB8 magnesium alloy welded joint. 

Key words: ultrasonic impact treatment; ultra-high cycle fatigue; stress concentration; residual stress; grain refinement 
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