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Fig.1  Ultrasonic vibration model of single point incremental  

forming 

Upper binder 

Lower binder 

Support 

Tool head 

Bracket 

Work piece 

Tool head 

Amplitude 

transformer 

Transducer 

Ultrasonic 

generator 

E 

B�

D 

A 

C

a 

σ

x

 



� 7�                              ���p/789:¬*I;<
uvMNAB=>����GH                 ­2173­ 

sý!t�Câãþó��s©×)YZ[\��G

������C��, z Ôù³´����ì���

îB 2åï) 

�.���TE	��������C�ùÔö


���ù�ö
��q¶·

t

ψ

T


 

t

1 sin 100%ψ α= − ×� �

                      (1) 

c��ψ

t

Tq¶·�αT����) 

�Æde��| AB 1��µ� σFde�³´

| AB 1�µ� σ

x

Mò��³´| AB 1�³´µ�

τ

0

�>�Bî 3åï) 

2��ò��³´| AB1�³´µ� τ

0

T
 

2 4

s

0

2

2

0

1

π cos

tan sin(2π ))

16

1

90 1

π

( π sin2 )

360 4

α

σ h h A ft

τ

α

α

ε α

γ

∆ +

= × +

−

−

�

( 2 ) 

c��h T�C��0�mm�∆h TtKë��b�

mm�r

0

TtKë���mm�α �����(º)�σ

s

�

�C���� L0�MPa�f �[\i·�kHz�

A

�

[ø�mm� ε T 'µ�; tTó�, s) 

���������	
��
����

���������	
���

�C�e AZ31B����3����uT���

������~�Bî 4 åï)��p/�� !�

�"#�ã$%0�&'1
�#(��)*��t

Këã©��pÐÑ+u��y ¡J�Bî 5åï) 

�����
����

,C�CT AZ31B �����C~�T 100 

mm×100 mm×1 mm���tKë�CTÔ-.�J

/���H0T 300 mm/min��0�ö0 512©��

³´34T 5/6�534T 0.01��6¯°7�b89

R.�å��C¯°B{ 1åï) 

����������������
�����

:���G�����`ÍtKë��;Õ×Ø

�ÚÛ<õÕ�xÍ=-È×Ø�->?>?��= 

 

 

 

 

 

 

 

 

� 2  �������	
���
� 

Fig.2  Ultrasonic vibration deformation of single point incremental 

forming process 
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Fig.3  Stress analysis of AB section 
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Fig.4  Shape and size of parts 
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Fig.5  Finite element model 
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� 1  AZ31B �������	
 

Table 1  Performance parameters of AZ31B magnesium alloy sheet 

Width-to-thickness ratio 

Material 

Density, ρ/  


10

6

 kg·mm

-3

 

Elastic modulus, E/  


10

10

 Pa

 

Poisson  

ratio, µ 

Hardening 

exponent, n

 

0º 45º 90º 

Strain hardening 

coefficient, K 

AZ31B 1.77 4.5 0.35 0.15 1.596 1.617 1.773 1.5×10

8
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Fig.6  Experimental results 
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Table 2  Simulation conditions 

Part 

Amplitude, 

A/2/mm 

Frequency, 

f/kHz 

Sheet size/ 

mm 

Feed speed, 

V/mm·min

-1

 

Layer 

feed/mm 

Working depth/ 

mm 

Static friction  

coefficient 

Dynamic friction 

coefficient 

A 0 0 100

×

100

×

1 300 0.7 20 0.2 0.1 

B 0.04 20 100

×

100

×

1 300 0.7 20 0.2 0.1 
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Fig.7  Forming shear stress nephograms of forming parts with different tool radii: (a) A, R=3 mm; (b) B, R=3 mm; (c) A, R=5 mm; 

 (d) B, R=5 mm 
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Fig.8  Curves of maximum shear stress changing with tool head 

size  
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Fig.9  Thinning rate curves of tool head forming part with 

different sizes  
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Fig.10  Cross section of forming part under tool head of R=3 mm 
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Fig.11  Cross section of forming part under tool head of R=5 mm 
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Fig.12  Cross section of forming part under tool head of R=7 mm 
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Fig.13  Shear stress nephograms of forming parts with different thickness: (a) A, h=1.0 mm; (b) B, h=1.0 mm; (c) A, h=1.2 mm;  

(d) B, h=1.2 mm; (e) A, h=1.5 mm; (f) B, h=1.5 mm 
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Fig.14  Maximum shear stress curves of forming part with 

different thickness 
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Fig.15  Maximum thinning rate curves of forming part with 

different thickness 
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Fig.16  Cross section of forming part with different thickness in 

the simulation and experiment 
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Fig.17  Shear stress nephograms of forming part with different  

amplitudes: (a) A/4 and (b) A/2 
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Fig.18  Curves of maximum shear stress varying with the  

amplitude 
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Fig.19  Curves of reduction ratio varying with the amplitude 
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Fig.20  Cross section of forming parts with different amplitudes 
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Rules of Impact of Ultrasonic Vibration Factor on Performance of Magnesium Alloy 

Sheet in Single Point Incremental Forming 

 

Su Chunjian, Zhang Ke, Lou Shumei, Zhang Ke, Xu Tingting, Wang Qing 

(Shandong University of Science and Technology, Qingdao 266590, China) 

 

Abstract: It is very important to research and master the rule of incremental forming of magnesium alloys with ultrasonic vibration under 

different process parameters for theoretical and practical application. This has significant value of theory and engineering application to 

solve the deficiencies, such as plate uneven heating and heating slower, adhesion of the lubricant film caused by partial higher temperature 

with the changing temperature, the decline of mold strength and service life with the increase of temperature, and to improve the progress 

of the magnesium alloy plate ultrasonic vibration single point incremental forming. We took the square pyramid box for research, and the 

maximum shear stress, reduction ratio, forming accuracy as indexes to analyze the influence of different parameters on the magnesium 

alloy plate ultrasonic vibration single point incremental forming, including the tool head size, the thickness, and the amplitude. The results 

show that the maximum shear stress and the maximum reduction are obviously reduced after applying ultrasonic vibration, and the forming 

accuracy is markedly improved; when the tool head diameter is 10 mm, thickness is 1.0~1.3 mm, and the amplitude (A/2) is 0.04 mm, the 

forming properties are improved most significantly. 

Key words: ultrasonic vibration; single point incremental forming; reduction ratio; square pyramid box 
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