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Table 1  Process parameters of 2198 Al-Li alloy with different scanning methods 

Scanning methods Process parameters Scanning amplitude/mm Frequency/Hz Waveform 

Non-scanning - - - 

Circular scanning x=y=0.5 500 

 

Saw tooth wave 

scanning 

x=0.5

�

y=0.2 

500 

 

Elliptical scanning x=0.6

�

y=0.4 

500 

 

Triangle wave scanning x=0.6

�

y=0.5 

500 

 

Circular arc scanning 

V=1200 mm/min 

I

b

=6.8 mA 

U=60 kV 

D=300 mm 

I

f

=498 mA 

x=0.6

�

y=0.5 

500 
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Fig.1  Tensile specimen 
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Fig.2  Macromorphologies of the weld joints with different scanning methods: (a~f) upper surface; (g~l) lower surface; (a, g) non- 

scanning; (b, h) circular scanning; (c, i) saw tooth wave scanning; (d, j) elliptical scanning; (e, k); triangle wave scanning;       

(f, l) circular arc scanning 
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Fig.3  Macromorphologies of weld cross section: (a) non-scanning, (b) circular scanning, (c) saw tooth wave scanning, (d) elliptical  

scanning, (e) triangle wave scanning, and (f) circular arc scanning 
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Fig.4  Microstructures of welded joints: (a) non-scanning, (b) circular scanning, (c) triangle wave scanning, and (d) circular arc scanning 
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Fig.5  Local magnification microstructures of weld center: (a) non-scanning, (b) circular scanning, (c) triangle wave scanning, and      

(d) circular arc scanning 
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Fig.6  Microhardness curves of joints with different scanning 

modes: (a non-scanning, b circular scanning, c triangle 

wave scanning, and d circular arc scanning) 
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Fig.7  Tensile curves of welded joints under different scanning  

waveforms 
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Table 2  Tensile test data under different scanning wave forms 

Tensile strength/MPa  Elongation/% 

Scanning methods 

a b c Average  a b c Average 

Circular arc scanning 290 274 304 289.3  3.1 3.4 3.1 3.2 

Circular scanning 327 331 330 329.3  2.9 2.8 2.6 2.8 

non-scanning 334 350 342 342  2.8 2.5 2.8 2.7 

Triangle wave scanning 344 351 348 347.7  3.5 3.4 3.1 3.3 

Base metal 490 492 488 490  12.9 13.1 13.0 13.0 

Note: a, b, c represent the three sets of tensile specimens with the same parameters  
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Fig.8  SEM tensile fracture of welded joints: (a) base metal, (b) triangle wave scanning, (c) dimple morph, (d) non-scanning, (e) tear  

edge morphology, and (f) pore defect 

Tear edge 

Tear edge 

Dimple 

Dimple 

c 

a 

b 

d 

e 

f 

T
e
n
s
i
l
e
 
S
t
r
e
n
g
t
h
/
M
P
a
 

500

400

300

200

100

0

0 2 4 6 8 10 12 14

 

 

Elongation/%

 Circular arc scanning

 Circular scanning

 Non-scanning

 Triangle wave scanning

 Base metal



 2250                                        23�456789                                              � 47: 

�VW�XLY#�æ�f¯�ÔyCëE,��;

mÏI!"#� 8d<îÂÃÄ�õ�!"�##.�

���1~!"�#�Õ«�Ö�×o«�mÏ�P

�îÂÃÄ�õ�!"�#�Í�!�9��!��

Ë�#� 8e<îÂÃÄ�õ�!"�#��Ö�×�

Ö�×�_�rp2gMØ�!�VÑ#ªn���

��E,z�ÙÚ�Å¾Û�ÜÝ�n��8���

Å¾��p2Þß�.±�;à�Ö�×���!"# 

� 8f<îÂÃÄ�õ������#�ªnîÂÃá

�óôÄÂÃõ�âãäì�EFvlÇXåZ�è

��ÇNn�;�æ~�����çè�w{��v

y��]�9m�#M9��ÅÆcÄsé��¡

îÂÃÄ�õ�n�4}P���9!"�#�

«���ê�ÁÖ�×�VÑ�º#ë�Pì�sJ

|R!"�#�wyy�~H6��!���!"�

�\É�Ö�×_��M<\wyy�!��í�À

�¬Æ#ÐÑ�ì���ÅÆcÄ�ªnÇÈÂÃC

ëõ�X ��_�*w�QÇÈÂÃCëõwyy

�VW�Xo�PÇÈ#óôÄÂÃy����]�

5n�4�"n,�ÂÃ�ÁKÂÃÄ��y�#

ªF<\�óôÄÂÃ¿À6y��!�0���y

�ªØ����!��À;m��Í�!��!"6

y��VW�X#sJnKÂÃCë���<\ó

ôÄÂÃ�¬"�X ���îï�âãvl��

�vl�ðG��;æ~��Æw{����ø �

.±!"y��VW�X#�

��������

1�²%³´µwy 2198 �^���sJnK

ÂÃCë�óôÄÂÃ��¬"�X ������

îï�âãvl��Nnvl�ðG��;æ~��

Æw{����ø �.±!"y��VW�X# 

2�³´µwyy������]�< 326.5 MPa�

n|R���]����!�Ûy���]��"

��ú|R� 71.5%�n�4�"��|Rn�4�

86.8%�v�D<y���Â+°# 

3�,�ÂÃ�y�!"<��!��±uQóô

ÄÂÃ�y�[H<í�¬Z�Í�!��!"�ì

O�W��mÏ�y���¬Z�í�5���E,

XV# 

 

����    References  

[1] Williams J C, Starke E A J. Acta Materialia[J], 2003, 51(19): 

5775  

[2] Liu Bing(I J), Peng Chaoqun(KLM), Wang Richu(NO

P) et al. The Chinese Journal of Nonferrous Metals (;Q3

R�4�S)[J], 2010, 20(9): 1705  

[3] Lippold J C, Lin W M. Materials Science Forum[J], 1996, 

217-222: 1685  

[4] Xing Li(T U), Song Xiao(V W), Ke Liming(XYZ). The 

Chinese Journal of Nonferrous Metals(;Q3R�4�S)[J], 

2014, 24(7): 1714  

[5] Xiao R S, Zhang X Y. Journal of Manufacturing Processes[J], 

2014, 16(2): 166  

[6] Ravindra A, Dwarakadasa E S. Journal of Materials Science[J], 

1993, 28(12): 3173  

[7] Xiao Rongshi([\]), Yang Wuxiong(^_`), Chen Kai(ab

c). Chinese Journal of Lasers(;Qde)[J], 2007, 34(Sl): 

239  

[8] Yang Wuxiong, Zhang Xinyi, Xiao Rongshi. Chinese Journal 

of Lasers[J], 2013, 40(7): 0 703 001 b  

[9] Lin Kaili(fgh), Yang Wuxiong(^_`), Lv Junxia(ijk) 

et al. Chinese Journal of Lasers(;Qde)[J], 2014, 41(1): 

84  

[10] Ravindra A, Dwarakadasa E S. Journal of Materials Science 

[J], 2010, 28(12): 3173  

[11] Houkh. J Mater Sci Lett[J], 1996, 15(3): 208  

[12] Shi Y, Zhong F, Li X et al. Materials Science and 

Engineering A[J], 2007, 465(1): 153  

[13] Lin Dechao (flL), He Yong(m n), He Yunjia(mop) et 

al. Materials for Mechanical Engineering(qr8956)[J], 

1996(4): 10  

[14] Mollan P A, Srivatsan T S. Journal of Materials Science[J], 

1990, 25: 3374  

[15] Nakagawa H, Katoh M, Matsuda F. Trans of JWS[J], 1970(1): 

94  

[16] Lynch S P. Materials Science and Engineering A[J], 1991, 

136: 25  

[17] Sato Y S, Urata M, Kokawa H et al. Materials Science and 

Engineering A[J], 2003, 354: 298  

[18] Xu W F, Zhu H Q, Li F et al. Materials & Design[J], 2013, 47: 

599 

 

 

 

 



� 7�                            �����	�
��������������������                    2251  

 

Effect of Scanning Mode on Microstructure and Mechanical Properties of 2198 Al-Li 

Alloy Joint Fabricated by Electron Beam Welding 

 

Zhang Ziyang, Wang Shanlin, Ke Liming, Li Juan 

(National Defence Key Disciplines Laboratory of Light Alloy Processing Science and Technology,  

Nanchang Hangkong University, Nanchang 330063, China) 

 

Abstract: Vacuum electron beam welding of 2198-T8 aluminum lithium alloy sheet with a thickness of 1.8 mm was carried out. The 

influence of different scanning modes on weld formation and joint mechanical properties was investigated, as well as the microstructure 

and mechanical properties of the welding joint under the optimal welding process. The results show that when the working distance is 300 

mm, the acceleration voltage (U) is 60 kV, the focusing current (I

f

) is 498 mA, the welding speed (V) is 1200 mm/min, and the electron 

beam (I

b

) is 6.8 mA, the welding joint without the addition of scanning are formed well without macro porosity defects. According to the 

comparison of welding with scanning modes under the same parameters, we derive that the hardness values and tensile strength of the 

welding joint are improved when adding triangle wave scanning in the process of welding. The average tensile strength of welded joint is 

326.5 MPa, the fracture strength of the joint is 71.5% of that of the base metal, and the elongation is up to 86.8% of the base metal 

elongation. The weld fusion zone is the weakest in the weld zone. 

Key words: aluminum-lithium alloy; electron beam welding; weld formation; mechanical property 
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